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METHOD FOR USING TOB ACCO MOSAIC VIRUS TQ 
OVERPRODUCE PE PTIDES AND PROTEINS 

BACKGROUND OF THE INVENTION 

This application is a Continuation-in-Part application of U.S. Serial No. 08/192,477, filed 
5 February 3, 1994. 

This study was supported in part by US Public Health Service grants DK43888, AI27161 
and ROl-AI-2716 1-05A1 from the National Institutes of Health and by NSF grants MCB- 
9209530, MCB-9220176, and MCB-9317368. The Government of the United States may 
have substantial interest in this property. 



1. Field of the Invention 

This invention relates to methods for production of recombinant peptides and proteins. 
More particularly, this invention relates to techniques for inserting peptides into the coat 
protein of a virus, particularly for purposes of creating a vaccine. 

15 2. Description of Related Art 

Tobacco mosaic virus (TMV) is a well-characterized plant virus with a single, positive- 
sense RNA genome of 6395 nucleotides. The sequence of the TMV coat protein was 
initially derived back in the 1950's, and it was not until 1972 that tfie structure and roles 
of the forms of the TMV CP, its assembly and microscopic examination of the polymers 

20 were published (Durham, et al 9 J. Mol Bio., 62:3 15-332 and 62:307-3 14). In 1982 the 
full genomic sequence of TMV RNA was published, and confirmation of the amino acid 
sequence of the CP as derived from the sequence of the viral RNA was confirmed 
(Goelet, etal., Proa Natl Acad Set USA, 22:5818-5822, 1982). The 126- and 183- kDa 
proteins, which are required for virus replication (Ishikawa, et ah Nucleic Acids Res. 



10 
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14:8291-8305, 1985) are translated directly from the genomic RNA from the same 
initiation codon. The 30 kDA movement protein (MP), which is involved in cell-to-cell 
movement, and the 1 7.5 kDA coat protein (CP) are translated from separate 3' coterminal 
subgenomic mRNAs (Siegel, et ah, Proc. Nat. Acad. Sci. USA, 4& 1 845- 1 85 1 , 1 976; R. 
5 N. Beachy, et ah, Virology, 61:84-97, 1975. 

The life cycle of the TMV virus is well known. The amount of mRNA for the viral 
proteins determines the amount of each protein produced. The protein produced in the 
largest amount is the CP, which is as much as 5-10% of the total protein made in the 
infected cell. The structure of the TMV CP is reviewed in Butler, et a/,. (J. of General 

10 Virology, ££253-279, 1984). The CP encapsidates the viral RNA and is required for 
long-distance movement in the plant The CP drives the assembly and encapsidation, 
which in turn enables systemic spread (Dawson, et ah, Phytopathology, 2£: 783-789, 
1988). Viral assembly and encapsidation are not required for local cell to cell spread of 
the viral RNA; however, the MP protein, a non-structural protein encoded by the virus, 

15 is required for local cell to cell spread of the viral RNA. 

A number of research projects have been conducted to establish the use of TMV as a 
potential vector by inserting peptides into the coat protein. Even before the cloned cDNA 
of TMV was available, Haynes, et al (Bio/Technology, 4:637-641, 1986) attached 
additional nucleotides at the 3' end of the coat protein mRNA, resulting in production of 
20 a fusion protein carrying sequences to serve as a vaccine for polio virus. The fusion CP 
was able to assemble and form rod-like structures in E. colL Because the cDNA was 
unavailable, no work was done in a plant system. 

The development of in vitro expression systems that allow production of infectious TMV 
RNAs from cloned full length cDNA genomes (Dawson, et ah, Proc. Nath Acad Sci. 
25 USA, £1:1832-1836, 1986; Meshi, et ah, Proc. Natl. Acad Sci. USA, 51:5043-5047, 
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1986) has permitted the direct manipulation of the TMV genome at the DNA level 
Highly infectious RNA transcripts of a full-length infectious cDNA clone of the Ul 
(common) strain of TMV have been produced in vitro using bacteriophage T7 RNA 
polymerase (Holt and Beachy, Virology 111:109- 11 7, 1991) Thus, TMV RNA is a good 
5 candidate as a vector for the expression of foreign genes in plants. However, the TMV 
vectors developed using a CP gene modified to insert foreign genes usually fail to 
systemically express foreign genes, either through failure to produce intact CP for virus 
particle formation, or through loss of the foreign gene sequence during replication due to 
RNA recombination (N. Takamatsu, et al, EMBO J., 6:306-3 1 1 , 1987;N. Takamatsu, 

10 etal,FEBSLett.,2&13-16, 1989; W. O.Dawson, et al. 9 Virology, 122:285-292, 1989). 
One exception is the TMV-ORSV (odontoglossum ringspot virus) hybrid vector, which 
includes an ORSV CP as an additional intact CP gene, thereby avoiding RNA 
recombination (J. Donson, et al, Proc. Natl Acad, Set USA, £8:7204-7208, 1991). 
Successful systemic expression was achieved more recently by inserting the "weak" stop 

1 5 codon for the TMV 130 K protein gene, which permits readthrough of the stop codon, 
immediately after the stop codon for the CP gene and immediately 5* of a foreign gene 
sequence encoding a 12 amino acid Angiotensin -I-Converting Enzyme Inhibitor (H. 
Hamamoto et al, Bio/Technology 11:930-932, 1993). Since readthrough occurred 
relatively rarely, the result was production of a small amount of intact CP as well as the 

20 CP fusion protein. 

In 1990, a CP fusion protein was described (Takamatsu, et al, FEBS Letters, 262:73-76, 
1990) containing a five amino acid sequence for enkephalin as a carboxyterminal fusion 
on the TMV CP. The carboxyl terminus of the CP is known to project from the capsid 
surface. A methionine sequence placed between the end of the CP and the enkephalin 
25 sequence was introduced for isolation, of enkephalin in a cyanogen bromide cleavage 
reaction. During virus infection, a large accumulation in plant cells of virus protein of the 
expected size was observed. However, there was no evidence at this point that the protein 
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could be assembled into virus particles except that one of the coat protein fusion 
sequences led to systemic symptoms. Other virus showed no systemic mosaic symptoms, < 
Despite these barriers to systemic plant infection with the fusion protein, in infected 
protoplasts large amounts of the enkephalin fusion protein was produced, and the 
5 cyanogen bromide released the protein. 

The movement protein of TMV has been studied to determine its function (Deom, et al. 
Cell, £2:22 1-224, 1992). The mechanism by which the movement protein functions to 
cause systemic invasion of the virus is unknown. Infection of a plant can be divided into 
several steps: (i) infection of the first cell; (ii) establishment of a multicellular infection 

1 0 site; (iii) short-distance or cell-to-cell spread through a leaf, which requires the MP; (iv) 
long-distance spread, which can be subdivided into entry into, travel through, and exit 
from the vascular system, and which has been shown to involve the CP in Nicotiana 
tabacum (W.O. Dawson, et al t Phytopathology 7g:783-789, 1988; T. Saito et al, 
Virology 126:329-336, 1990; Takamatsu et al, EMBO J. 6:307-311, 1987), and (v) 

1 5 further cell-to-cell spread once the virus has left the vascular system. 

The movement protein has a direct effect on the function of plasmodesmata. The 
molecular size exclusion limit of plasmodesmata in transgenic Xanthi tobacco plants 
expressing the MP gene from the cauliflower mosaic virus (CaMV) 35S promoter has 
been shown to be at least 10-fold greater than that in control plants (S. Wolf et al, 
20 Science 246:377-379, 1989), In addition, electron microscopy employing immunogold 
labeling has shown that the MP is localized in plasmodesmata in tobacco leaf tissue from 
TMV-infected plants (K.D. Tomenius et al, Virology 160:363-371, 1987) and in 
transgenic plants (D. Atkins et al, J. Gen Virol 12*201-21 1, 1991; B. Ding et al, Plant 
Cell 4:915-928, 1992; PJ. Moore etal, Protoplasma lZfl: 115-127, 1992). MP produced 

m 

25 in and purified from Escherichia coli binds single stranded nucleic acids in vitro in a 
cooperative but non-specific manner and forms a thin extended structure (V. Citovsky et 
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al, Plant Cell 4:397-41 1, 1992). E Co//-produced MP, when injected into a tobacco 
mesophyll cell, can increase the plasmodesmal size exclusion limit of that cell and of 
adjacent cells, suggesting that the MP may be able to move from cell to cell in the 
absence of virus (E. Waigmann et al, Proc. Natl Acad ScL USA 21:1433-1437, 1994). 
5 The tissues through which TMV must spread in order to successfully infect a plant are not 
known, In addition, it is not known in which tissues or in what quantities MP must 
accumulate in order for local or long-distance spread of the virus to occur. 

When a frameshift mutation designed to cause premature termination of translation was 
introduced into the 30 kDa movement protein gene or the coat protein gene, the MP- 

1 0 frameshift mutant was unable to locally or systemically infect inoculated tobacco plants 
(Meshi, et al, EMBO J. 9 6:2557-2563, 1987). However, inoculation of transgenic 
tobacco plants that expressed a wild-type TMV MP gene resulted in both local and 
systemic viral infection (Deom et aL, supra); Thus, although the MP-frameshift mutant 
was unable to move systemically in nontransformed tobacco, systemic movement was 

15 detected in transgenic plants that expressed a wild-type TMV MP gene. Transgenic 
tobacco plants that expressed the appropriate wild-type TMV gene were thus able to 
complement, in trans, mutant viruses lacking a functional MP or CP gene. (Holt and 
Beachy, K/ro/ogy,IM:109-117, 1991). 

Systemic infection of plants with a virus vector containing DNA encoding a foreign 
20 protein promises an economical means for obtaining unlimited yields of recombinant 
proteins, which can be recovered by processing the leaves and other plant parts to recover 
the product protein. Therefore, despite the current advances in the art, the need exists for 
new and improved methods utilizing the TMV virus vector as a means for producing 
foreign proteins, such as viral vaccines, in planta. 
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The murine zona pellucida is composed of 3 sulfated glycoproteins and functions in the 
fertilization of the egg by providing a substrate for sperm binding (J.D. Bleil et al, Devel % 
Biol. 26, 185, 1980; S. Shimizu et al. J Biol Chem 25£:5858, 1983). 
One of the three glycoproteins, ZP3, is the primary binding site for the sperm (J.D. Bleil 
5 et al, Cell 2Q:873, 1980) and has been investigated as a target for immune contraception. 
Murine ZP3 antigens have been demonstrated to induce antibody mediated contraception 
(A.G. Sacco, J. Rep. Fert 56:533, 1979; B.S. Dunbar in: J.F. Hartmann, Ed, Mechanism 
and Control of Animal Fertilization. Academic Press, N.Y., 1983, p. 140; IJ. East et al, 
Devel Biol 109:268, 1985; S.E. Millar et al, Science 246:935, 1989) as well as 

10 autoimmune oophoritis in mice. Resolution of these two responses is demonstrated in 
some genotypes of mice after immunization with ZP3 peptide vaccines (S.H. Rhim et al. 
J. Clin Invest. 22:28, 1992; Y. Lou et al J. Clin. Invest. £2:28, 1992; A-M. Luo et al, 
J. Clin Invest. 22:21 17, 1993) and by passive immunization with a monoclonal antibody 
which recognizes a murine ZP3 epitope defined by amino acids 336-342 (IJ. East et al, 

1 5 Devel Biol 102:268, 1 985; S.E. Millar et al, supra). Several of the above investigations 
have focused on peptides of ZP3 in the region of amino acid residues 328 to 343 which 
contains epitopes independently associated with antibody mediated contraception and 
with autoimmune oophoritis. In this region a T-cell epitope identified with severe 
oophoritis, ZP3330-336, overlaps the domain of a B-cell epitope, ZP3336-342 responsible 

20 for antibody mediated contraception. Oophoritis and antibody mediated contraception are 
clearly genotype restricted Antibodies raised against a 16 amino acid peptide, ZP3 32 s.343, 
conjugated to KLH resulted in the formation of contraceptive antibodies in Swiss female 
mice with no appearance of ovarian disease (Millar et al., supra). Other strains 
(BALB/cBy, {C57BL/6J X A/J}F1, or A/J) developed ovarian disease when immunized 

25 parenterally with free peptides containing ZP3 33 o_346 while Swiss or C57BL/6J mice failed 
to develop oophoritis (Rhim et al, supra; Luo et al, supra). 
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As producers of protein antigens, plants provide a unique resource for generating an 
inexpensive supply of bulk protein with virtually universal access. Transgenic proteins 
or viral proteins produced in plant tissues provide a facile system for expression of 
subunit vaccines based on protein antigens (R. Usha, et al, Virology, 122:366, 1 993; H.S. 
5 Mason, et al, Proc. Natl Acad Set (USA) £2: 1 1745, 1993). The tobacco mosaic virus 
(TMV) is a potential candidate as an epitope carrier since it is a self assembling virus 
which aggregates into rod like particles that accumulate in virus infected leaves. The 
protein component of the assembled particle is the coat protein (TMV CP), which is 
robust and tolerates modification in its carboxy terminal domain to carry non-TMV 

10 epitopes as disclosed herein. The TMV CP assembled TMV particles exhibit many 
characteristics of an ideal antigen system. The TMV CP has been shown to be 
immunogenic (N. Takamatsu, et al., F.&B.S. Letts., 262:73, i990) and likely contains 
helper T-cell epitopes which could function for chimeric epitopes. The virus can be 
produced at high concentrations and isolated at low cost, and genetic stocks of the virus 

15 can be easily maintained for long periods of time without passaging through plants. In 
addition, coat protein antigens can be isolated and presented in particulate or aggregate 
form. This particulate nature of TMV based antigens could be advantageous for 
maintaining high local concentrations of antigen in parenteral immunizations (F. Loor, 
et al, Virology, 21:215, 1967) and may be useful in stimulating mucosal immune 

20 responses to orally ingested antigens. 

Accordingly, the present invention provides a method for producing in a plant a viral 
vaccine or an immunogene peptide capable of raising a contraceptive immune response 
in a mammal. 
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SUMMARY OF THE INVENTION 

A method is provided for overexpression in plants of heterologous peptides of from about 
5 to 20 amino acids as fusion proteins inserted near, but preferably not at the carboxy 
terminus of the coat protein of tobacco mosaic virus using a modified cDN A infectious 
5 clone of TMV. Despite insertion of the foreign peptide sequence into the viral coat 
protein, stable virions are provided by this invention so that systemic infections is readily 
achieved in suitable plants. In some instances, the method utilizes coinfection of the plant 
with 1) the infectious clone having a modified CP gene, but a wild type movement protein 
(MP) gene and 2) a second TMV infectious clone having a wild type coat protein gene 
1 0 and a MP gene that has been modified to render the movement protein dysfunctional. 

In one embodiment of the invention the CP modified infectious clone is mutagenized to 
insert nucleic acid sequence encoding a 10 to 20 amino acid viral antigenic epitope 
between the codons encoding amino acids 154 and 155 of the wild type TMV CP. The 
inserted peptide sequence is advantageously selected from such viral epitopes as HIV 
15 gp 1 20 loop III, and human influenza virus hemagglutinin epitopes. 



4 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 b a four panel figuie showing graphs of sCTumtitets raised 
^eebyao^^onofTMVorTMV-ZPSCPm^nedvhnons. Figures 1A and 
msto w«anu-TMV^hodie SW e K ^hy^ui SW d»ofeiu,eru K TMV^ 

high titer of anti-ZP3 4a, gradually deelined after inoculation ceased on day 27. 

at 52 aays after adntiniatiation of TMV CP Won proteins bearing a 15 amino actd 
„ fiagmen. of murine -.pM* 3 (ZP3) as antigen, (fcoup C received the ZP • 
modified TMV CP mtrapernotually and subcutimeously. Group B received me ZP3- 
modified TMV CP innagaaUicly. Grcup C did no, receive m. vaccine. Each bar 
represents an individual mouse. 

FIGURESAisaschematic*^ TCV 

«A TPV untranslated region are shown as an open box and a line, 
15 NIa protein sequence and TEV 5 untransiaieu ™& 

respe ctively. The single letter amino acm c^e a. «te N and C tenmn. tnclude the 
fceptepeptide recuguiaed by me NIa proteinase (indicated b, a braCe, vdti, an open 
^owhe*. a, me cleav^e site). The cloning aims for rite insertion of foreign protons 

20 Posiionof^evan.BginandEcuRIresblctionenzymesites^alaomdicated. 
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FIGURE 3B is a schema* diagram of the «>M— — » ased for pram 
Uaasfonnadon. designatioa for aach aoasuua. is indica^d a. *e .eft. Opened 
^bo^rar^tereVMa^TWCFo^^r^^vdy. A, 

, no inPROl c^c B )ord 1 amv^(HO>PR04oo«ru« S )raaog D iftoas 1 «sfor 
ft. p— The predicted mofccui* mass resuMng ft. fte rrans.ahon and 

kDa. 

BOUHM**. phottgraphsof Western Mo, andysis of proteins e*racred fiomRl 
„ p^rransforme^PRO.^vedco^ Thediffereraplan. lines an^ed 

^ftesaftlxbeiow. a,****-***-**-**"**-*"" 
H* TEV NIatTMV CP ftrsioa prouias and the 18.7 kDa TMV CP cleaved from the 
po.vp.lein. Deferable levels of 18.7 kDa TMV CP were observe* in plan, hne 
15 BDl.BMl.fc-W— W Themolecalarmass^andposinonsof 
pre-stained protein markers are indiealed on the left. 

nG1 J RE4Ai S apho Wg raphofWe^h.o,andvsis.fpro«in S ex ra c^i to p ta n. 
to. transfbnned «im PROl-derived constats e*ra«ed ftom Rl plan, hoes 
Unmunosmmed «im anti-TMV CP annsera. Mo.ee* ^gh, maHtera in kD are 
20 indicated at the right and left 

FIGURE 4B is a photograph of WesKtn b.o, ana.ysra of proteins e»ra*d from plan, 
Unas transformed with PRO.-denved conslmc* extracted from R. plan, hnes 
„tained «ith ann-TEV-NI. ataisera. Mo.ec* Wght madtera in kD are 
indicated at the right and left. 
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FIGURE 5 is a Northern blot analysis of total RNA extracted from Rl plant lines 
transformed with PROl-derived constructs. The different plant lines analyzed are 
indicated above each lane, with the prefix (corresponding to the construct) at the top and 
the suffix below. 
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15 



20 



FIGURE 6 shows the level of protection against TEV infection in R2 plant lines 
transformed with PROl-derived constructs. 



FIGURE 6A shows the percentage of plants from ^transformed tobacco (x) and lines 
PROl.TN-1,4 (squares), PR04.NT-C2 (triangles) andPRO4.TN-l,10 (circles), showmg 
systenuc symptoms on su^ Eight plants per line 

10 were inoculated with a 1 :1000 dilution of sap from TEV-infected tobacco. 

FIGURE 6B is a photograph of a Western blot analysis of protein extracts from systemic 
leaves of the plants shown in Figure 4A at 5, 7, 10 and 14 days post inoculation (dpi). 
Proteins were immunostained with an anti-TEV CP antibody. On the left are indicated 
the different tobacco plant lines analyzed. 



FIGURE 7 is a photograph of a Western blot analysis showing changes in accumulation 
of transgenic proteins upon TEV infection. Protein extracts immunostained with an 
anti-TMV CP antiserum from TEV-infected systemic leaves of untransformed tobacco 
NN and plant lines PROl.TN-1,4 and PR04.NT-C2 were analyzed at 0, 5, and 10 days 
post inoculation (dpi). The migrations of the TEV NIa:TMV CP fusion protein and the 
TMV CP that accumulate, respectively, in plant lines PROl.TN-1,4 and PROl .NT-C,2 
is indicated on the right side. 
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FIGURE 8 shows photographs of Western blot analyses of transgenic transcnpt and 
proteins upon TEV infection. Uniformed tobacco and plant lines PROl.TN-1,4, 
PR04NT-Q2, and PRO4.TN-1.10 were either mock (-) or TEV inoculated <+). 
Migrations of TEV Ma:TMV CP fusion protein and TMV CP are indicated on the right. 

FIGURE 8 A shows protein extracts irnmunostained with an anti-TEV CP antibody. 
FIGURE 8B shows protein extracts irnmunostained with an anu-TMV CP antiserum. 
Northern blot analysis of total RNAs hybridized to a TMV CP-specific DNA probe. 

FIGURE 8C shows Northern blot analysis of total RNAs hybridized to a TMV CP- 
10 specific DNA probe. 

FIGURE 9 shows photographs of an SDS polyacrylamide gel separata, and an 
tamunoblot of proteins extracted from leaves of tobacco plants. 

FIGURE 9A shows . Coomassle blue smined gel of SDS-PAGE (12%) separation of 
TMV coat j»o1ein, leaf proteins and proteins from leaves of tobacco plants infected with 

15 recombinant TMV-ZP3»uo. 

FIGURE 9B shows an tamunoblot of an identical gel labeled with ra. monoclonal 
amibody specific for ZP3,»»r Column M contains protein molecular weigh, markets; 
Lanes land 6, purified wild type TMV coat protein; Lanes2and7, extract from 
^ed tobacco leaf, Lanes 3 and 8, e*ract from tobacco leaf infect wtth 
20 TMV.ZP3»«;tan=s4and9, protein purified from me primary pellet fiacricm of leaves 
irfected wim TMV-ZPSm^; Lanes 5 and 10, protein purified from me primary 
supernatant fraction of leaves infected with TMV-ZP3..1*. . 
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FIGURE 10 displays graphs showing the serum antibody response of mice immunized 
i.p. with TMV-ZP333, M 3 measured by EL1SA on microtiter plates coated with TMV CP 
or a KLH-ZP3 conjugate. Murine antibody was detected with a horseradish 
peroxidase conjugate of goat anti-mouse kappa chain secondary antibody. Each point 
5 represents the log2 dilution of sera required to reach 120% of baseline absorbance. 
Baseline absorbance was defined as the absorbance displayed in microtiter wells that 
received secondary antibody but not primary mouse serum. ELISA microtiter plates 
included a standard dilution of a pooled anti-ZPS^ serum, which was developed to the 
same absorbance endpoint on each plate, and each assay was performed at least twice. 

10 FIGURE 10A shows the serum titer to TMV of C57BL/6J mice from experiment 1. 

FIGURE 10B shows the serum titer to KLH-ZP3 of C57BU6J mice from experiment 1 . 

FIGURE 10C shows the serum titer to TMV of BALB/cBy mice from experiment 2. 



FIGURE 

2. 



10D shows the serum titer to KLH-ZP3 of BALB/cBy mice from experiment 



15 FIGUl^lOEshowsmesenimtiterto 

FIGURE 10F shows the serum titer to KLH-ZP3 of BALB/cBy mice from experiment 
3. 

FIGURE 11 isaphotographofanSDS-PAGEimmunoblot analysis of murine antisera 
with ZP3 protein labeled with rat monoclonal antibody IE-10 specific for ZPS^. 
20 Authentic ZP3 proteins were separated by SDS-PAGE and blotted onto nitrocellulose, 
then labeled with rat monoclonal antibody IE-1 0 specific for ZP3_ (Lane A) or with 
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*r20 from experiment 2, wbieh was immunized with TMV-ZPW 

FlGURE12BisamicrogtaphofthepnmaiyJ»[« 

10 FIGURE 13 shows four photonucrographs or ovan 
(Example 12, experiment 3). 

Til (7- and labeled with goat anti-mouse fcappa d**— 
were sectioned (7mm) identify tissues containing mouse 

peroxidase conjugate, then developed with DAB penury 



15 




— 13A at 200 X magnification. 
FIGURE 13C ' ™* 1MV - ZP3 "- 

20 plantsmoculatedwimtransgemcclonesofT^.UPP^ 
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sections through leaf tissues. 

FI OUKE 1 4 AS ho W sl e av= S «»n 0 i«4e35S.^g«=con a n.ct 

am*****"******'"**" 0 **"*' 

tobaccoptatsftatexpressthtMPg^. 
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n . ft rA n.NN F 3 days after inoculation 
FIGURE 16A shows GUS activity in leaves of Une cAB-NN day 

with RNA transcripts of TMVAMP-GUS. 
RNA transcripts of TMV AMP-GUS. 

RNA transcripts of TMVAMP-GUS. 

u . ov of local lesions in Une cAB-NN F plants 3 days after 
FIGURE 16D shows morphology of local lesions m 

of local lesions in line 2005 plants 3 days after 
FIGURE 16E shows morphology oi local lesw 
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one quarter as many lesions. 



FIGURE nA^^e^veoon^.f^^.oproduoeiocal 
10 lesions oiiTMV4MPtaocul=MJP>»" K 

lesonson ^ 50 ul wr lerf of » sBndari virion inoculum 

1 olants 3 days after taoculauon with 50 ill pa iea 

15 onns W.defined as a relative concentration of l), and wnn ou 



solution. 



Lines of best fit were determined by linear regression. 
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DET AILED DESCRIPTION OF THE INVENTION 

. j <xr «roinine wilt release the heterologous 
cyanogen bromide, and an inserted codon for arginnie will rei 
cyanogen dp contains no 

nentide by trypsin digestion. Since the TMV CP (SEQ. iu. 
10 peptide oy «yt» & _ with cyanogen 

me thionines, it is preferred that the recombinant TMV CP be treated 

bromide to release the heterologous protein. 

- a- m titf well known "infectious clone" of the TMV 

c DNAcloneoftteUHcommon,(ATCC#PV135»s™» „ tTM vte 
^CPaMMPp^CHo.. erfBeach,,^). Then^^cfTMV . 
tneU-anomrp u„ T7 nolvmerase of the cloned cDNA 

oroyidedhereinasSEQ.IDNO.2. Transcription by T7 polymerase 
pr0V1 ,. ked t0 ^ promoter of the T7 polymerase 

gene, piuuuw rflll c es infection and is 

species, -ch as *bacco ^ splash plan*, arf o*«s causes ^ 
teefcre refenad «> here* as an ■ b**- <W of the virus. 

25 I^veaescH^^c.o.e^^^a.eoe^^eCP^.u, 
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' l58 >- Prefe^"— 

JL by contact »«. a F*— • S »* ^ * 

contemplated within the scope of this invention. 

^ is key to the ptacrice of *is invention. ., has heeo discover tbataTMV CP 
to form virions in *. or * — * P- — "» * f 

LH^edleaf. K^-.**-***-**"""** 
assembly of the recombinant virions in inoculated plants. 

C^n^of^lMVvMonb^trponX^di^on^es^^ 

fcZ-— Ihese^^^' 1 — 
acids of the wild-type CP are not fixed, but project from the capsid when Ihe 
.ssemble, >,has been d— h* when — 

I o, the wild type CP (amino acid 1 54, - plan* are infected wtm u* momfied 

-7°' £T 

^ te -*b--^----»-»- i - , '-* ,, * ,4,,,,te 
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^andnoncmslSMSSoftheCP. .nf^nofpimrtswm^onao^ 
te used to pmvide wiid w. CP, which »— — -* «» «*" * *" 

r , nrim arv virus and the helper virus of this 

Vb. such pUn* « coinfecfcd w«h the prunes, «. 

invention described below, successful system* rnfectron « be a P 

,»»„r the DMA encoding the heterologous 
•n^.hisprcf^edtotinthepnmsryvec.ot.atcDNAen « 

/^y^ method of site-directed mutagenesis known in die art (see Sambioolt, ^^^^ 
£Lr O- A —* -ond Edition, Coid pong «« 

. u ™««x ncA5 of the influenza virus, c-myc 9t,w 
m 1 20 looo IE of the HTV virus, the Hemagg. UW or roc 

gp 120 loop Hi ^ ^ been 

of the human c-myc oncogene, and zp3 of the murine 
successfully incorporated into the modified CP of TMV. 

AX . f ^ cp mod ified infectious clone, the present invention provides a second 
20 inadditiontotheCP-modified ^ ^ ^ nMp _ 

type of modified infectious clone, the helper virus, 

ImedinfecdouaOone, *«^^ 

, t t u P rp modified infectious clone by producing in infected plants 
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invention helps » ac«np.ish sysrenuc plan, — - •* 
^producuttnofv^^P^^"" 1 ^ 

£ ai MP but without decreasing production of the wiw typ 

areroenywaystoutacuvereureMP.fotins^aeicuoos, 

frame shifts, etc. Atrames 3) of the MP with amino 

^229-231 of tewtWweMPddc^ ^,«m<»**™«> 

. pUe* cell to another. 



vWM producedfro«»«CPH n odmedinfecuousc.one. 

, ,- M ., M difiedi=f«c4ousc 1 o D c,lcno™«TAI>2«,c»tate 
, m another emboduucnt, *e MP-modttteu ^ 

, ovi* tx/tv MP sene comprising tne wuu 
DNA encoding a fragment of the TMV mt g , 6677 ^ 69 5)(SEQ.IDNO. 

— — sir 

^d^MP^uponrepU^sn^ ^ 
,5 w forored produces m .nacavared 
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n Thus TAD26 constituitively down 

regulates production of the wild type CP- 

« .rinnal MP the MP produced by the pnmary virus enables mov 
^wito.u.ovorv^Uoingtec^sidswid.vHld^CP. 

TtaroUoofCP-rouufied ^^o,, „ host plan. 

adi „ s , llKra ttoropoduco^.eo.«adWeCP«.6o 

^ousoionodoes^co^move.ydo™^ ^ ^ ^ 

Up,*. C*uerouy,l»wever, ft. rouoofCP-rood.fi 

^ tafe cfio« J o ton c i s into ro^ft»»*«' 1:lto,0:1 - 
5 ia^onbytob^mosaicvirusorbytheplantvirus 
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p,^ vmd vector. F« mam p)wswte 
^o, pcato as wen . «— — g,UWWSa 
vripri, and Chempodim «w«(to*r- 

is the modified CP containing the TMV coat protein based p 



invention. 
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20 



tafc* eo-n^onnsnrgviraittanseriP^^^ 1 * 14 
Therefore, in one embodnnent, co-nnec ...^.oaccompUsh systemic 

sections ofsuitablebosrplan*. ^^"^^^ceof a 

":::^rjpon^.---^— 

produces an RN A moicvui . rp The transgenic coat 

r rn A that is translated to produce virus CP. lneinu** 

^""^Z Z motan, pro*** - *- -* " - *** 
"?* ^ 77 - - * h^ed plan. For insuoee, a CP" 

^c tobaccoplan, ^WO^*.-* 
222:738-743, 1986), whiehcontaMsattansgemc void type 
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, nnd^oes systemic infection of the recombinant 
vdfc the CP-modified infectious clone, undergoes sysie 

virus. 

( W«^Ua^of4ctov OT «ion,«ob««.pbn«,p re f^y--^ i '»' 

r:=r— ™ r»n 

conception in mammals. 
20 health of the subject. 

25 sssi— 
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eanbemgestedtodybym ritvofao w such as spiiach, that has been 

antibodies to Ihe heterologous antigenic epitope encoded by the CP modified 



10 



15 



clone. 



20 



hv Watanabe, et al. {tbv* ^ 

^ pWs can be adapted to express the mutant crs in 
MP-modified clones can be aoap embod iment of the 

TMV is not an infectious virus. iu« 
different hosts in which TMV is nor often reflected in the 

• Hon takes advantage of the fa^ „ 
m ven*on takes advantag yirust0 f^on in one host or another. 

not in tobacco plants. Replacing the MP of TMV ^ of 

^mically in orchids. In the present invention, therefore, systenu 

teCP-mxHKO , hBCP ^„lifl«)taf=aio»sclonetoKplacethe«dd 
b ,,cc»mpUsh e db y m<*«=»^ teCPm0lllfle wWoostate 

. U*cUv. form of the MP ^"^^cp-H.^ 

* -And can also be modified and employed in a ww* 
infection method can also oe CP-modified infectious clone. 

topI oducetheTMV CP upon inoculation with the CP-modtfi 
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• ap CP eene of the TMV cDNA infectious 

— rr^E~~ — — — 

ofprotemseqneoces. TbefUaws f , mW _^ comprising tbeprotease 
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inro bos, pta* ° 

^-d*--— to m»«u«— — 

^pfcceorrbeCPg- **^^~ - , - .««» MP and 
^rernc^edCP^beU^infce-*" genesencodorg 
one or more CT can te placed into me casserte sites. 

a ,„a.,agams, insect or disuse,* be Itga^nn HBB-h- ^. 

W, m odffieo Wecnons clone vccor^es^ 
e^clta^o^^"^^ 
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5 Urge —« of pdyp^des, virions ritt for - - vac-***, * 

puHflcd torn pta. .eaves «sbg standi tnedtods (Btuening, « « a.498 

ftesh weight of tobacco leaves. 

T iS understood, however, the, ftc - - * ° f ~ * *° 



20 



therein. 



tB1S a synthesis 



I^Zl-— was annealed with an excessoft* 

following -jqqxACCTGGGCCCCTACCGGGGTAACGGG (SEQ. ID 

oligonucleotide pnmer pdGGTACCiuuv, 

N0 7), which is T to the 3' end of the RKA and contains a 

Li*-—-"* P^s.^ntUi.edAMVtevetseh^np- 
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.u, wic^ After me viral RNA was degraded 

W% ^ , ^ p ^^cMCMmcx(SBQ.n, W ,, 

WththeoUgoaucleotrdepdGCTGCAOl ^^.^J-***** 

*»*. Secoud-stnurfsyothess ^ 
Wp fouowed by AMV reverse ^^i.-*— > 

^-^.^^^***«) 
M and the cDN A was size fractionated restricted with BamNi at a unique ate 

Recombunmlnta-dsutere ^ 
^(Beu^Reaea^Ubo^e,^^^ 

^aaeenedfeteP^^-^^"^" 



nucleotide sequencing. 
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25 



mutagenesis " '^^ACAACAATTA (SEQ ID NO 9). This 
pdOTAATACGACTCACTATACTATU t tn ihe 5* end of the TMV cDNA. 

HxeremainderoftheTMV genome was reassemble* 
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, , , des 256 3332) restriction fragment, and subsequent a BamHI-Kpnl 
BamHI (nucleoUdes 256-3332) re ^ 

, i + -4 a c restnction fragment using ^ 

(„»clcot,d« 3333-6396) r mad. by «cctangm8 

^* R«pU«men B of d.fe«.v. segments of*. t « 

^,. a ^or i omHI*»I-ri«'°^ ro,SM,hthOSe0fal 



20 



and 5 x 10' 3'-half cDNA clones (residues 3333-6395). 

, 04mlofl0 0mg/mlSDS. The tube was transferred immediately to s 
added 0.4 mi 01 r xhe tube was 

bath and the conwnls ? -J^^— ~ 

Wow 40-C ^** M ™7 d B 5 " . , „ of ^ ph.no. M had b*n 

Tris , 0.04 M — — — - ^ ^» ' l-"***** 
^W^0.0,MTrt S ,0.0O4M^o»d.Th.^ 

fn r2 3mbu«sandsq«Kttdoy«»« rifc 8 a, ' wl - Th. aqueous pnas 

for 2-3 mtnutts ^ „ , ^ of 2 

second and, soiratimes, a third ^^Mg^ui 0 ,Ld 95% e*anol The inso.ub,. 

— T 41 ;^:.^ — — * 

^..andtoimAaoludonutasstorcda^O C. FNAconcot 
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or 

EXAMELE4 



u ^TMVcDNAcloneswerelinearizedwithKpnl, 

» ^- fc 7! n, sri7— 

mMEDTA). ^J^^..— k T* 

nucleotide sequences for encoding eac 

20 1- 
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1 mm of fresh tissue were cut by hand and blotted on the nitrocellulose for 1 0 sec. and 
removed from the paper. The prints were blocked with BSA and probed with diluted 
rabbit anti-TMV primary antibody, followed by alkaline phosphatase-conjugated goat 
anti-rabbit secondary antibody (Promega). BCIP (5-bromo-4<hloro-3-indolyl phosphate) 
5 and NBT (nitro blue tetrazolium) were used as substrate to detect TMV antigen. 

Transcripts generated by T7 RNA polymerase from lyg of linearized template DNA 
produced approximately 4-5 x 10 3 necrotic local lesions when inoculated onto Xanthi 'nc* 
tobacco leaves. Differences were observed between lesions induced by mutant RNA and 
lesions induced by wild type TMV (Data not shown). Generally the lesions formed by 
1 0 mutants were smaller and had more strongly pigmented (darker brown) centers. When 
inoculated onto host plant permissive for systemic viral spread (e.g., Xanthi tobacco), the 
transcripts containing the CP-modified gene produced disease symptoms identical to 
those caused by wild-type TMV RNA in regard to type, severity of symptoms, and rate 
of symptom development. 

15 EXAMPLES 

MVTATION OF CP GENJE TO FORM HIV GP|2Q V3 LOO P F USION 

The CP gene was modified to produce a gene encoding a fusion protein containing the 
TMV coat protein with an epitope of various proteins inserted near the carboxyl terminus 
between amino acids 154/155 of the wild type coat protein. The heterogeneous DNA 
20 insert encodes an epitope of between ten and twenty amino acids from the proteins of 
known functions, including those of several viruses as shown in Table 1 , 
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TABL,E 1 






Epitope 


Insertion 


Insertion 
Point 


HIV 


gpl20 
loop III 


RIHIGPGRAF (SEQ ID NO.1 0) 1 54 
YIMKRKRIHIGPGRAF (SEQ ID NO. 11) 
RIHIGPGRAFYTTKN (SEQ ID NO. 12) 
YNKRKRIHIGPGRAFYTTKN (SEQ ID NO. 13) 


Influenza 


Hemagg. 
12CA5 


YPYDVPDYA (SEQ ID NO. 14) 


1,154,158 


Human 

c-myc 


c-myc 
9E10 


EQKLISEEDL (SEQ ID NO 15) 


155 


Murine 


zp3 


SSSSQFQIHGPRQ (SEQ ID NO. 16) 


154 



zona pellucida 



A DNA fragment corresponding to virus nucleotides 5460 to 6396 of the cDNA clone of 
15 the CP gene as described above was obtained by digestion with Ncol and Kpnl, and 
cloned into plasmid pBluescript KS (Stratagene, San Diego, CA). DNA amplifications 
by PCR were performed using DNA from the clone as template and two synthetic 
oligonucleotide primers: 
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Pair No 1. 

y CATATAGGACCAGGAAGAGCCTTCGGTCCTGCAACTTGAGG 3' 
(SEQ. ID NO. 17) and 

5' ATTAACCCTCACTAAAG 3' (SEQ. ID NO. 18) 
5 Pair No. 2. 

5* GGCTCTTCCTGGTCCTATATGTATTCTAGAGGTCCAAACCAAAC 3' (SEQ. ID 
NO. 19) 

(and SEQ. ID NO. 18) 

The polymerase used for amplification was AmpliTaq (Perkin-Elmer-Cetus, Emoryville, 
10 CA), and the reaction conditions were as recommended by the manufacturer's 
instructions. The thermal profile of the cycler was: 30 seconds at 95 degrees C, 1 minute 
at 30 degrees C, one minute at 72 degrees C. Thirty cycles were used, followed by a 
single 10 minute soak at 72 degrees C. 

DNA product from each of the above amplifications was mixed and used as template for 
15 a further amplification with the synthetic oligonucleotide primers SEQ. ID NOS. 1 8 and 
20. Reaction conditions and thermal cycling parameters were as described above. DNA 
product from this second-round amplification was cleaved by digestion with Ncol and 
Kpnl. The fragment containing the modified viral sequence was isolated by size 
following electropheresis in agarose gels and inserted to replace the equivalent sequence 
20 in the in vitro transcription vector. The nucleotide sequence of the modified gene 
encoding the fusion protein containing the 10 amino acid epitope was confirmed by 
conventional techniques of DNA sequence analysis. The above technique was modified 
in keeping with the teachings of the art to obtain modified CPs containing each of the 
amino acid inserts shown in Table 1 . 
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The amino acid sequences of the modified CPs containing viral epitopes of HIV gp 120 
loop III inserted between amino acids 154 and 155 of the wild type CP are provided 
herein as SEQ ID NOS: 21, 22, 23 and 24. Using well known methods of site-directed 
mutagenesis, the amino acid sequence of the TMV CP was mutagenized to insert a 
5 nucleotide sequence encoding a 10 to 20 amino acid sequence of the desired heterologous 
protein so as to generate a CP fusion protein having the insert at the desired location as 
shown in Table 1, In one embodiment the inserted amino acid sequence is homologous 
to the carboxy terminus of an alternative viral coat protein. 

10 MUTATION OF MP GENE TO 

FORM TRUNCATED MOVEMENT PROTEIN 

A fiameshift mutation was introduced into the movement protein gene as was described 
in Holt and Beachy, supra. The translation product of the modified MP gene is non 
functional and viruses with this non-functional movement protein cannot spread from one 
1 5 plant cell to another. The nucleotide sequence encoding die truncated TMV MP is given 
as SEQ ID. NO. 3. 

The procedure used to create the mutation was as follows: A portion of the cDNA clone 
of the TMV virus bounded by Bamffl and KpiH recognition sites and including 
nucleotides 3333-6396 was subcloned as in Example 3 above. The resulting plasmid was 

20 digested with Hindm, which recognizes a site at virus nucleotide 5080. The nucleotides 
AGCT were added to the 3-prime end of each strand with the Klenow fragment of DNA 
polymerase I, and the plasmid was then religated with T4 DNA ligase. This procedure 
created a termination codon and would lead to the production of a truncated MP 
composed of 62 amino acids, compared with the authentic 30 kDa MP of 267 amino 

25 acids. 
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The fragment released by digestion with BamHl and Kpnl containing the modified viral 
sequence was isolated on SDS PAGE and Western blot and inserted to replace the 
equivalent sequence in the in vitro transcription vector. The amino acid sequence of the 
modified MP is shown in (SEQ ID NO: 3). 

5 Inserting a nine amino acid heterologous epitope of Influenza HA between coat protein 
amino acid residues 154/155 of the TMV CP resulted in systemic infection in the normal 
systemic host for TMV (Tobacco var. Xanthf*) by the method of this invention. By 
contrast, when the same insert was attached to residue 1 58 (the carboxyl terminus of the 
CP), local necrosis resulted, indicating limited spread of the virus. In addition, the yields 
10 of virus particle are much greater from non-necrotic tissue than from necrotic tissue. 
Spread of the virus was also affected by growing temperature. In plants grown at 32 
degrees C necrotic response was reduced and systemic spread of the vims was observed. 

EX AMPLE 7 

METHOD OF VIRUS INFECTION AND PURIFICATION 

15 TMV is transmitted to tobacco plants by techniques common to those skilled in the art of 
plant virology. Briefly, a tobacco plant of appropriate size and age (generally 4-6 weeks 
after planting the seeds in soil) is dusted with an abrasive, generally carborundum or 
celite, and a suspension of virus or viral RNA (or transcript derived from the in vitro 
transcription reaction described above) is added, and spread on the leaf so as to cause a 

20 mild wound, thereby introducing the virus or RNA into the wounded leaf cells. The 
plants are grown under conditions suitable for healthy growth of the plant. Such 
conditions result in infection in the plant with virus concentrations as low as 0.001 ng/ml. 
Increasing the inoculum concentration increases the number of sites of infection and the 
rate of virus accumulation in the inoculated leaves, as well as the rate of spread to the 

25 upper leaves. Replication of the virus, localized spreading of the virus, and systemic 
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spreading of the virus leads to infection of all or most tissues in the plant. Systemic 
infection was identified in developing leaves by the typical symptom of a dark green and 
light green mosaic, caused by alterations in the development of chloroplasts in viral- 
infected cells. Mosaic symptoms generally develop in tobamovirus-infected tobacco 
5 plants in nascent leaves that are less than 1.5 cm in length at the time of the initial 
infection. All subsequently developing leaves display the mosaic symptom. The 
inoculated leaves and leaves greater than approximately 5-6 cm in length at the time of 
infection develop no visible symptoms, even though they support high levels of viral 
replication (J.N. Culver, et al, Annu. Rev. Phytopathol, 22:191-217, 1991). 

1 0 For co-infection with the helper virus, the helper virus is mixed in effective amounts so 
as not to overwhelm the infection with large amounts of wild-type coat protein, typically 
in a ratio of modified CP infectious clone to modified MP infectious clone of from 1:1 
to 1:10. Alternatively the RNA transcripts of the modified CP and truncated MP genes 
can be used in similar ratio to inoculate transgenic plant lines that carry wild-type CP, 

15 such as plant line 3646 (see Powell-Abel, et al., Science 232:738-743, 1986). These 
plants are grown in like manner as non-transgenic plants, and are inoculated in the same 
way. 

EXAMPLES 

ISOLATION OF VIRIO NS AND COMPONENTS 

20 Using the method of G. Bruening, et al, supra, modified Tobacco mosaic virus virions 
and component RNA was obtained. The mutant viruses were constructed using 
oligonucleotide mutagenesis (Kunkel, etal., 1987) of the Ul CP gene. The cloned cDNA 
encoding the Ul CP was isolated from an infectious cDNA clone of Ul TMV on an Apa 
I fragment (nucleotides 5455 to 6389) (Nejidat, et al, supra) s fragment was subcloned, 

25 mutagenized and inserted back into the original cDNA infectious clone as an Apa I 
fragment, replacing the wild type sequence. All clones were sequenced by the dideoxy 
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sequencing method to confirm the presence of the desired sequence changes. The mutants 
were propagated by inoculating N tabacum cv. Xanthi plants with in vitro transcripts of 
the full length mutant cDNA clones as described by Nejidat, Cellier, et al., 1 991 . Briefly, 
seedlings of N. tabacum cv Xanthi m were grown to the 8-10 leaf stage, at which time the 
5 plants were inoculated. 

Systemically infected tissue was recovered from plants that had been inoculated several 
weeks earlier with 30 to 200 ug/ml of transcript of the MP-modified infectious clone. 
The leaves were collected and frozen on dry ice and were powdered by crushing them in 
a plastic bag. Into a blender containing cold 0.04 M sodium EDTA buffer, pH 7.3 and 
[0 1 ul/ml of B-mercaptoethanol were slowly added at 0.02 g per g of leaves of NaHC0 3 . 
One to 1.15 ml of buffer was used per g of leaves (Mandeies and Bruening, Virology, 
21:498-517, 1968). 

Homogenization was continued until the temperature of the homogenate rose to about 
10»C. Succeeding steps were at 0 to 4°C. Both supernatant fluid and solids were 

15 recovered after centrifugation at 3000 ipm for 10 minutes. The solids were homogenized 
with 0.35 to 0.5 ml per g of original leaf tissue of the EDTA buffer with mercaptoethanol. 
The supernatant fluid recovered after another 3000 rpm, 10-min. centrifugation was 
combined with the first supernatant fraction. This fluid was centrifuged at 14,000 rpm 
for 20 min. The supernatant fluid was filtered through Whatman No. 1 paper. To each 

20 100 ml of filtrate was added 0.75 ml of 200 mg/ml of Triton X-100. The detergent- 
treated solution was distributed into thick-walled, capless centrifuge tubes containing 1 7.5 
ml per tube. Six milliliters of a solution of 300 mg/ml of sucrose in 1 mM sodium EDTA 
buffer was layered on the bottom of each tube with a syringe. The tubes were centrifuged 
in a Spinco 30 rotor for 5.5 to 7 hr at 27,000 rpm at 6°C. 
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Characterization of the CP Mutants. 

CPs of the mutant viruses were analyzed by immunoblot analysis using polyclonal rabbit 
anti-virus antibodies raised against Ul TMV or SHMV using techniques well known in 
the art. The secondary antibody was l23 I-labeled goat anti-rabbit IgG (Amersham, 
Arlington Heights, IL). The CPs were fractionated by SDS-PAGE using the method of 
U. Laemmli (M»ur<j_22Z:680-685, 1970) and electrophoreticaUy transferred to 
nitrocellulose for analysis (Towbin, et al., Proc. Natl Acac. Sci. USA, 26:4350-4354, 
1979). 

EXAMPLES 

TMV was purified from tobacco plants infected with a modified infectious transcript 
producing virions having exposed on the capsid surface the ZP3 antigenic epitope of Seq. 
ID NO: 7. In this experiment a helper virus was not used. Yield by this procedure was 
about 100 micrograms virus per gram fresh weight of leaf. The bulk of the virus was not 
extracted but remained in the pellet after the first centrifugation. For this reason a 
different procedure was used for a future preparation. 

Purification was accomplished as described in Asselin and Zaitlin, Virology, 21:173-181, 
1978. Frozen (-70° C) infected leaves were homogenized with a mortar and pestle using 
1.3 ml of 0.5 M NaaHPO* and 0.5% (w/v) Na-ascorbate per g of fresh tissue. The 
homogenate was filtered through four layers of cheesecloth. Celite was added to the juice 
at 5 g/100 ml and the extract was centrifuged at 10,000 g for 30 min. The clarified 
supernatant fraction was passed through eight layers of cheesecloth, and men PEG 6000 
and NaCl were added to the filtrate at final concentrations of 3% (w/v) and 1% (w/v), 
respectively. The extract was stirred for 10 minutes, left 20 minutes on ice, and 
centrifuged at 10,000 g for 30 minutes. Pellets were resuspended in one-fourth the 
original volume with 0.01 M Na 2 HP0 4 and 0.01% (W/V) Na-ascorbate, and treated again 
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with Celite. After a second PEG precipitation and clarification at 10,000 g for 15 
minutes, Triton X-100 was added to a final concentration of 2.5 mg/ml. The virus 
solution was stirred for 10 minutes, left for 20 minutes at room temperature, and 
centrifuged at 90,000 g for 90 minutes. The virus pellets were resuspended overnight (4° 
5 C) in ImM EDTA, pH 7,2. After a clarification spin at 10,000 g for 10 minutes, the virus 
solution at a concentration of 2.5 mg/ml was made 0.2 M with respect to sodium 
phosphate buffer, pH 7.0. The modified TMV-ZP3 hybrid was purified following the 
same protocol through the first PEG/NaCl precipitation. 

A group of five mice were injected intraperitoneally and subcutaneously (50 micrograms 
10 each) with 100 micrograms of virus protein (total) per mouse, prepared with RIBI 
adjuvant as per manufacturer's instruction (Ribi Immunochem Research, Hamilton, MT). 
Booster injections at 13 and 27 days after the initial injection contained 50 micrograms 
(total) per mouse. Blood was sampled from a retro-orbital sinus at days 1,13, 27, 36, and 
84. Serum titers were assessed by capture ELISA on NUNC polysorb plates coated with 
1 5 either TMV coat protein (FIGURES 2 A and 2B) or a synthetic ZP3 peptide containing 
the ZP3 antigen (SEQ. ID NO. 7) conjugated to KLH by a NHS-ester-maleimide 
heterobifunctional crosslinker via a cysteine residue on the peptide using Eilman's 
solution according to the manufacturers instructions (Pierce Chemicals, Rockford, IL) 
(FIGURES 2C and 2D). Detection was using goat anti-(mouse IgG) horse radish 
20 peroxidase. 

As can be seen by comparing the results in Figures 2A and 2C, the virus with unmodified 
TMV CP induces an antibody against TMV, but not against the ZP3 antigen. By contrast, 
as can be seen by comparing the results in Figures 2B and 2D, the virus having the CP 
modified to contain the ZP3 antigen raised an antibody titer both to TMV and to ZP3 
25 peptide antigen. The titer of antibodies to ZP3 began to decline somewhat after the 
administration of TMV-ZP3 was discontinued on day 27. 
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EXAMPLE |0 

Three groups, each containing 5 mice, were utilized in this study. The mice in group A 
were given an initial injection of 100 micrograms of the unmodified TMV virus with 
RDBI adjuvant, followed by booster injection of 100 micrograms at 28 and 42 days after 
5 the initial injection. The purification procedure followed for the virus used in this 
experiment differed from the procedure described above. Frozen leaves were ground and 
filtered as above. However, celite was not added to the homogente. The first 
centrifugation was also as described, except the pelleting fraction was recovered, further 
homogenized in a mortar and pestle with about 2 ml of 50 mM Tris, pH 8.0 per gram of 

10 starting material. The homogenate was centrifuged again under the same conditions and 
again the pellet was recovered. The pellet was further homogenized in the above buffer 
containing 1% Triton X-100 and again centrifuged. This pellet was resuspended in the 
same buffer containing 0.5% Triton X-100, centrifuged, and twice resuspended in buffer 
without Triton and recentrifuged. The final pellet was resuspended in water and divided 

.15 into aliquots before freezing at -20° C. Yield exceeded 1 mg virus per gram fresh weight 
of leaf. 

Mice in group B received 100 micrograms of the TMV-ZP3 hybrid virus of Example 7 
in a 1 : 1 mixture of phosphate buffered saline and Mylanta® (Johnson & Johnson/Merck, 
Ft Washington, PA) delivered intragastricly on days 1, 4, 6, 8, 1 1, 13, 15, 18, 20, 22, 25, 

20 27, 29, 32, 34, 36, 39, 41 , 43, 46 48, and 50. Mice in group C were not exposed to the 
TMV-ZP3 hybrid virus. Blood was sampled and anti-TMV serum IgG titers were 
assessed as described in Example 7 above. As shown in Figure 2 (each bar represents an 
individual mouse), four of five mice in the group receiving the vaccine intragastricly 
raised IgG anti-TMV serum titer of antibodies of 1600 or above, and all five in the group 

25 receiving the vaccine by injection raised titer of antibody to the limit of the assay at 
12,800. 
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FVAMPLE 11 

To determine whether the NIa cassette can express and process functional viral genes in 
vivo, the TMV CP was cloned into PROl in either of the two possible locations and the 
resulting gene constructs were introduced into Nicotiana tabacum. Gene constructs were 
5 also made in which cleavage by the proteinase was abolished to determine the effects of 
such modification on protein accumulation and protection. The analysis of transgenic 
plant lines showed that while the polyproteins were processed in planta, TMV CP 
accumulated only to a low level, and the level of resistance against TMV was likewise 
low. Plant lines were also protected against TEV, presumably as a result of NIa 
10 expression in accordance with recent studies with other potyviruses (Malta, et aL, Proc. 
Nat. Acad. Sci. USA, 2Q:61 10-61 14, 1993; Vardi et aL, Proc. Nat. Acad. Sci. USA, 
91:7513-1517, 1993). Surprisingly, while the initial levels of transgenic protein 
accumulation were low in all the lines analyzed, in some lines the levels were 
substantially increased upon infection by TEV, but not by TMV. 

15 A. B fflgjjptifiD o f transgenic olant lines. 

Xanthi NN plants were transformed with genes containing either of several derivatives 
of the proteinase cassette containing the sequence encoding the TMV CP (EigursJE)- 
Two versions of the cassette were used: PROl, which contains the natural heptapeptide 
recognition sequences for the TEV NIa proteinase under the control of the CaMV 35S 
20 promoter (Figure 3A), and PR04, in which giutamine to histidine mutations were 
engineered at the cleavage sites to disrupt proteinase processing (Marcos and Beachy, 
Plant Mol. Biol, 24:495-503, 1994). PR04 constructs were initially designed to 
demonstrate that in vivo processing resulted from specific recognition and cleavage by 
NIa. In both cases the sequence for the TMV CP was inserted either preceding 
25 (PROl.TN and PR04.TN) or following ( PROl. NT and PR04.NT) the NIa sequence. 
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Processing of all constructs in vitro has been previously demonstrated (Marcos and 
Beachy^ra). A control construct comprising only TEV Nla and target heptapeptides 
(PROl) was also introduced into tobacco plants. 

B . pfrnt Material m A Ebat TiWnrmation, 

5 Nicotics tabacum cv.XanthiNN plants were used for genetic transformation as well as 
a non-transformed control. Plant line 748 is a transgenic N. tabacum cv. Xanthi NN that 
expresses the TMV CP under the control of the CaMV 35S promoter (Nelson, et ah 
Virology, 152:126-132.1987). Plants were grown under greenhouse conditions, and 4-5 
weeks old plants were inoculated and held in the greenhouse or transferred to a growth 
10 r oomu.derartmcialhght(14hUght/10hdark)at25-30oC. The pPROl -derived gene 
constructs described by Marcos and Beachy (supra) were digested with Bgl II and EcoR 
land inserted in the polylinker region of the intermediate plasmid P MON3 16, between 
the CaMV 35S transcriptional promoter and the nopaline synthase 3' untranslated region 
(Sanders, et al, Nucl Acids Res., 11:1543-1558, 1987). Leaf disks were transformed 
15 through Agrobacterium tumefaciens-metotcd gene transfer as previously described 
(Horsch,**/., Science, 222:1229-1231, 1985). The resulting plants were screened for 
gene insertion by polymerase chain reaction, nopaline accumulation (Otten and 
Schilperoort, Biochem. Biophys. Acta, 252:497-500, 1978), accumulation of TMV 
CP-containingpepndesb^ 

20 C. FNA ATI ? K l* analvsis. 

Young leaf tissue was frozen in liquid nitrogen and stored at -80°C. Total RN A was 
exacted following a anall-scale procedure described pKviouslv (Verwoerd. « al.. Nucl. 
Adds Res., 1223(52, 1989). DNA was recovered by ethanol precipitarion from the 
roauMng from the 2M LfCl procipiadronofRNA to daeextr^on procedure. 
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tftHe g eTlg P*- « - specie for *. - ™V CP or 5 
_ «' MB For RNA analysis, 20 mg M B» were denatured 
mntraiKlattd region (5 1™)- ' 

^ fonnaideoyde, subjected » M-k in agaa.se ^ W< T 

5 nitrocellulose mw tvtv TP cDNA essentially as 

to randomly primed 32P-labeled fragments of the TMV-CP cDNA 

described (Sambrook, et d., supra). 

A total o, .5 parent (RO, indent P« «- - — * " ~ 
l tom ed ««» PRO.NT, s* wi* PR0,.m - « PR04.NT, an, font - 
„ aOUn.sw^sa^fot^^^acoreapoainvato^o.of 

^onof^CP-re.areapre^^o^byWe^n.o,^^- 

agatasl TMV nation as shown b, reduce in the runnber of necrouo local 1. - 
against n»" e «»i«eted lines and the 

, . u t\^v pi «eeds were obtamed from seiecxeo linear 
15 following inoculation by TMV. Rl seeds were 

assays were applied to progeny. 
D. Pjo^iajnalxsis- 

« tissue -•-^^^-•^-'^ 
^inabuf^c— 
20 ^(v^b-mercaptoe^ol. Extracts were boiled, spun to remove debns^d super 

20 10/c „ lamideee ls containing SDS and electrophoresed as 

natants were loaded onto polyacrylamide gels containing 

r ^ In all cases equivalent amounts of cell extract were loaded 
H^ribed(Laemmh, J«pra). In au cases, c^uy 

'« ^ probed whh dte a po.yc.oual annsanan raised against TMV CP, a 

25 ^LL-^««"*~^* lC «~ 
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A&M University), or a monoclonal antibody raised against the core of potyviral coat 
proteins (kindly provided by D. D. Shukla, CSIRO, Melbourne, Australia). Antibody 
binding was detected by immunoreaction to an anti-rabbit IgG coupled to horseradish 
peroxidase (Pierce, Rockford, IL) and subsequent enhanced chemiluminescence 
5 (Amersham, Arlington Heights, IL). 



E. Vpimw »nd Viral Inoculations, 

TMV (tobacco mosaic virus, Ul strain) was propagated onN. tabacum cv. Xanthi nn, and 
TEV was propagated on N. tabacum cv. Xanthi NN. TMV RNA was extracted from 
purified virions as described by Bruening et al. (supra). Prior to infection, plants were 
10 topped, kept one day in the dark and TMV or TMV RNA was applied in inoculation 
buffer (20 mM potassium phosphate, pH 7, 1 mM EDTA) and rubbed onto leaves dusted 
with carborundum. TEV inoculant was prepared by grinding infected plant tissue in 
inoculation buffer (40 mg/400ul), and dilutions of the grindate were rubbed to leaves 
dusted with carborundum. 

15 f. Affffmuinrimi " f TEV Nla and TMV CP. 

Initial attempts to detect accumulated transgenic proteins by Western blot analysis were 
unsuccessful. After several experimental modifications to the standard Western blotting 
procedure, it was found necessary to extract plant tissue with a buffer containing 6 M urea 
and to overexpose the blots in order to obtain reproducible results. Protein extract from 
20 control line 748 was diluted 1 :1 00 with untransformed tobacco extract (NN). Proteins 
were immunostained with either anti-TMV CP (Figure 4A) or anti-TEV Nia (Figure 4B) 
antisera. Figure 4 shows the detection of TMV CP-related proteins present in some of Hie 
Rl transgenic plant lines that contain the corresponding genes. Several expressors (eight 
out often transformed lines) were identified among lines containing constructs in which 
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the CP was translated preceding the NIa (i. e., PROl .TN and PR04.TN; Figure 3). TMV 
CP sequences were detected in one plant line (out of 2) in which the CP was translated 
following the proteinase, e.g. line PR04.NT-C, resulting in the predicted non-processed 
polypeptide. No plant lines were recovered that expressed the PR01.NT gene, although 
5 three lines contained the intact gene (data not shown). 

TMV CP expressed as part of construct PROl.TN had a molecular size larger than that 
of the wild type CP (Figure 4A) as predicted (Figure 3B). The difference in size is due 
to additional amino acid residues that comprise the recognition site for the proteinase. The 
49 kDa TEV NIa with anti-TEV NIa antiserum could not be detected due to its reaction 
10 with a protein of the same mobility found in transgenic as well as non-transgenic plants 
(not shown). As shown by the data in Figure 4, plant lines expressing construct PROl.TN 
did not accumulate detectable levels of the 68 kDa fusion protein, indicating that 
proteolytic processing was highly efficient when the heptapeptide recognition site for the. 
NIa proteinase was present On the other hand, the uncleaved polyprotein accumulated 

15 in those plant lines expressing mutated versions of the cassette; in such cases a 68 kDa 
band was detected following immunoreaction with either anti-TMV or anti-NIa serum, 
as shown in Figure 4. Small amounts of TMV CP were apparently released from the 
polyprotein in lines that cany constructs PR04.NT and PR04.TN (Figure 4A). The extent 
of this unspecified cleavage was variable among different protein extracts, and we 

20 concluded that it resulted from activities of cellular proteases. 

Very low levels of accumulation of transgenic proteins (not above 0.0001%, w/w, of the 
total protein) were observed in all the plant lines characterized. The accumulation of 
proteins in plants expressing PROl-derived constructs was up to three orders of 
magnitude lower than the CP in plant line 748 (Figure 4A); this line harbors the TMV CP 
25 sequence under control of the 35S cauliflower mosaic virus (CaMV) promoter and is 
highly resistant to TMV infection (Nelson, et a/., supra). Line 748 accumulates a 
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relatively high level of TMV CP ( 0.01%). while the TMV CP gene, the level of CP in the 

ltaK aev^^s«*^^^ W ^ U ^* 0ma8eMWhMe 
expression is driven hy the 35S promoter. 

^ofm^ofthen^eae-re^n^Asv^ehe^eenl -S^*-™*. 

« no, aecoun, for the tar levels of erioo of .ransgenie profcms. Odrer 

expenmetns showed m Ote aceutmdarion of eermhr .ransgenie proteins w* greedy 
^^„ i nocu^nwinrTEVwid»«,^g>he^»^^^ 
steady-stare nrRNAs (see Seetion H of this example below). 

«. next *» in me analyris of me .ransgenie ones was to detennhre if drey were 
p^^TMVmf^dne^ea^ofTMVCPgenes^aeeumnlanon 

U.mos.of^nansgemelmesdrenosgeneiseo.dansformedwim^od^^genes. 
/vfaaax0[ ^prodoe.ofmegene.nopahne.eanbe^y seoredby asimpleassa* 
^serves.amaritermrden.hVUansgeniennes. 

«. score dre nomber of transgemc individaaU amongst a segregating popmaUon of 
progeny (Rl) 6-««P- <W — line. A segregadon Table 2 of dns 

«fc pUnr line was rested « least duee dmes with sunder resuUs. In addr»on 
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, ♦ ^different negative controls are used: plant PROM 

L tesi o„s «W oa these Uoes « - » — « 

, u ^ Fxoression was determined in each plant by 
untransformed plants (data not shown). Expression was 

Western blot analysis or by accumulation of nopaline. 



WO 95/21248 




PCT/CS95/01467 



10 



15 



20 



IABLE-2 

Numbers of Lesions Produced m Trans^e 



Number of Local Lesions 



Plant Line' Level of • 

Transgenic Transgenic 

pmtein _ _£Kpl£SSQrs_ 



Non-expressors; 
or transgenic 
Patrol, gy/v«ytorQiuX 



PROl, TN-1 
PROl, TN-2 
PROl, TN-7 
PROl, TN-A 
PROl, TN-1 
PROl, TN-5 
PROl, TN-1 
PROl, TN-A 
PROl, TN-C 



++ 

+ 
++ 

+ 

n.d. 

n.d. 

++ 

++ 

++ 



nos + 
52 ± 34* 
78 + 33 ? 
24 ± 8* 
142 ± 66* 
57 ± 35 ? 
85 ± 24* 
. 40 ± 22* 
94 ± 19* 
51 ± 31* 



nos • 
112 ± 33 
111 ± 25 
45 ± 20 
277 ± 31 
97 ± 17 
140 ± 38 
72 ± 12 
131 ± 11 
156 ± 42 



• Ae «eneconstracuonsdes^ 
Plant lines carrying the gene consmwuv 

designates the transgenic plant line u deviation is given. * indicates 

The average number of necrotic l ^^ p ^ ucedby the control line, 

statistical difference from the number of ^£LiJ* Westero blot analysis. 4+ 

I^elsofaccumulatedC^ 

= >0001%wM,oftotalproteins; + = <0.001/.,v// W ,ot 
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„ vrr r PR04TN-1 and PR04.TN-A, each 
. . , ic^frp or CP-NIafus on protein (see Figure man 
. ,• .i,. n ,nnberofio«llesionsoiitta«piesMis[i=-.Cl'WI 

5 thesa m=plamh»(^«»''«<> » ^ U 

observed in plant lines accumuiauu B unspecified 

*■ T\/rv TP detected in some of these lines i» u» 
10 cleavage of TMV CP detectea amounts of 

. . opn , TM.A which were among the lines wiui 

PROl.TN-2 and PRO l.TN A, wm . t u emea n value ofthe number of local 

CP showed only a slight reduction m the mean value oi w 

homozyg oo 5 R-2l»I»«ta»»»Hain«'v««« w„er Sacculated, 

^ lte «tocoa ? a re d»i'h«.a- tt a M g«cplan B . Allva! 
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niant line at 95% confidence as determined by xaxu« 

plant uneai ^ pr04 constructs produced a non- 

a polyprotein that is proteolytically processed, PR04 cons 



Numbers of Lesions Produced Following 

TMY JMV KNA_ 



pipnt T,ine b 



72±26 106 ±29 

Expl Non-transgenic n±0(0) 64 ±15 (60) 

10 748 90±21f28> 15 ±18 04) 

PROl.TO-1,4 20 ±21 (28) 

PROl.TN-7,2 4±2 W 

151 ±22 91 ±36 

Exp 2 Non-transgenic n-tOfln 35 ±20 (38) 

748 47*1301) 28 ±12 (31) 

15 PR04.NT-C2 S*W(57) 45±6(49) 

PRO4.TN-110 86±16P/; 

w.i lesions ± standard deviation per half leaf 

is giver, ^ umber$mpar t 1il ^l^ Lithmecorrespo nding untransformed 
^ff^- 3« J those shown by the 

, YantW mW' plant line 748 contains the 

non-processed polypeptide. 
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It previously reported that TMV CP medial proton is partially overcome by 

taRJpiaottaa.Aeyv^inoe^^TW^Aar.deUwetefbund^bep™^ 
tins vints to rhe satne e*ent as agaios. TMV (Table 3). This hehs^r is 

mU ch tnore effective than against TMV RNA (Table 3). I. - — 

vims X (PVX) ru* the plants «ere found » be as susceptible . infection as the 
— Uhasbeer.reeendyreporteddtat^.ansgenie 

protection against infection by TVMV, but not against other potyviruses (Maiti etah, 
™„) Sindlar results obtained vdth the Ma protein of potato vnus Y (PVY) 
(Vardi e, al„ ^ The R2 phn. Unes described here we« subse,uenti, challenged 
TEV. As sho»n in Table 4 of dris appncation, bebveeu 20 and 40 % of the 

*fe dilutions of 1:1000 or 1:2000 of homogenous from TEV-infecteri planrs . 
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SusceptibUity to Infection with TEV of R2 Progeny 
eO^asso Plant Ling T m r ^™** ™ th PR01 ^ ns ^ s - 

Exptl Expt2 Expt3 Expt4 Totals 

(X (mOOO) (1:1000) d:2000) ^ 





.7 dpi 


74pi 


14 #i 


7 dpi 14doi 


m 


14Jpi 




NN 


8/8 


8/8 


8/8 


8/8 8/8 


5/8 


7/8 


23/24 (96) 


PROl.TN-1,4 


8/8 


2/8 


5/8 


5/6 5/6 


2/6 


2/6 


12/20(60) 


PR04.NT-C,2 


8/8 


8/8 


8/8 


7/8 7/8 


2/8 


3/8 


18/24 (75) 


PRO4.TN-1.10 


8/8 


6/8 


8/8 


5/8 6/8 


4/8 


5/8 


19/24(79) 



10 



. l.c.^ofthtpo.xp^.s.reprc^^ 

dilution of TBV-infca«d tobacco cop used as mooultun. Each plant was scored 

S^ B \3,»td4°«l4dp i . Thop^oofp^wiutsyntptmstspcos^^o, 
parenthesis. 
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Whenthe level of inoculum was a 1:100 dtakm no proton was evident in any plan. 
teCMe^expe***!). P.an«line248v»e q naUya SM aee P ab.« to TBVa S non_ 

(FigumfiA). mah^ordetaytauteappeartmceofsymph™ 



infected leaves 
10 were milder than those of untnmsformed plants. 



H. Irtsisss 



rf g mseaiii, pmiri. nrnimnlniion upon infTtiw Willi TBI 



Basedonthe amoums of «^evhrtp^««eom>^l^ or no proton 

a^vinrsinfecfionv^predicred. During several of our experim*ts, ayaemic ptan. 

touewasharves^datdifferenttoes after inocnlarion with TEV and analyzed forme 

accomuUfion of transgenio proteins using the anti-WV CP anu*rum. Western hlo, 
^ofpro^exu^SomTBV-infe^s^le^ofunuunsformed^ 

W andplan.lir^PRO..TOl,4andPR04.NT^was performed at 0, 5,and lOdays 
po* inoculation (dpi). Plants were infeeted with a 1:500 dihmon of sap from 
TEV-infecKd tobacco. Proteins were immunoslained with an anti-TMV CP antiserum. 
How^asshovmbymedaminFigweT, mere was an unexpeeted significant inereaae 
ta to amount of uncleaved fusion protein in plan, fine, PR04.NT-C2 and 

Cleaved The amount ofuncleaved proteins ™gre*er in plants m« became mfecfcd 
.nd .coumulaed TEV, indicating that mis result was a dire* consequence of infectron 
with TEV. Furthermore, the small amounts of TMV CP detected in fine PR04.NT-C ( 2 
disa ^wimTEVmfeofion(Figu K 7). Toelinnna^^possMi^mataooumulafion 
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for the presence of the fusion protein and TEV coat protein. 

^cr.-«^i»^^» ta *^- 1WI,-W ** ,, ™ ,5 

( F ^ 8 A) OT ^an»nti.TMVCPan^(fi^8B).Cor,id«nng^nrentc^ 
m the level of .he Won protein was ohae^i on.y in TEV infeefcd ptan lines that 

^o.pro^^.^«^- C » lte40,ttWi * ROA ^ 
from upper .eaves of plants that were infeefcd with TEV, using . prohe to^RNAs 
hy hridizedroa32P h bele 0 TMVCP.sp«i fi cDNApr„h,denvediroro^TMVc M , 

p^gene. ■—•»-'— m'-TarohcTOreof lOOpg 

.^^^^ 0,-, * , " 1 " 
analyzed. As shown in Figure 8C, such analyses confirmed that steady 0-state levels of 

Wore, it v* cnBelndrf that «h= increased accumulation of fransgenie polyproteut 

.a^ofu.expreasionof^cehim^ge.esdefivedfiomPRO.. Proe^smg 
taurehep^pepfidemarlsrecognlzedhyNIa No precursor polyproteht was derecudtn 
oftheproteinaseiahighlyeffielent in these ptom lines the TMV CP apparency retained 
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levels of activity by Nla on the muW 1S eq«"«. 

, Refcuvely tow levels of — . " * - ^ ^ 

) Keiauvciy iu expressed in tobacco plants 

JLb derived W >< » «* «*« ~ ** ^ 

^^readayob^^TMVCF^posittonod^Ntenmnu, 

tt^ewete more readily obtain ^ 
0 ^thana.theCtermmuaoftepolyimttem.Tteobse^on 

taac< eviou,re^in»h i ehd K M»^^^(» idA) ' MSteed,0 * e 
sequence, to a previous reponu. ril reactivity was higher 

when the reporter protein was translated at the N temunus of the protonas 
15 (R e Stt ep<,Hartwt & ««(.,i>»CeH2:9 8 7.m.990). 

^^^^^^ 
farim nnthnfrn tl-riY" 1 "«irtMn«»- 

^MVandTMVRNA. ^-^»<»«* — £ 

^^ th . nl oUc*n«c^.p^™^P-^^ 10 ^ ,n,,,,S 
beheved ** *" u . . w 748 m which inhibition of virion 
25 experiment may be different ftotn that in lute 748, m which 
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disassembly is a major compos of ****** (review* * Reunann-PhHipp -* 
Beachy.Sem Wrol, 4:349-356, 1993). 

The pta* line* tot «pr«s N. seances we ^Mta a low degree agmnst TEV, 

5 al, W Vardi..al.,s*™). The d* do no, enable us to de^e vvhetor me 
pmfcctton observed in plan* to, express genes encoding fusion pronto is due to the 
minor release of Ma, » to complex polyprotein, or . to corresponding ttanscr.pt 

r r ffrr l irfTFY - mmeMaa of tranOTic proteins . 

levels- anhough, PDR was achieved (Kronen and Beachy, Ann. fev. Mcmbrf, 
41-739-763 1993). tamos.^Hisnrtpossiblelosludyu.eaccumulattonofttansgemc 

p^fcUc^gcWen^vinrsbecause^ 

* re*hly distinguished from tose produced by to challenge. FarineUr, e, nl 

(^ ^Jl^mw^«■-«• ,ft,,,,,,l ' <I, ■ 

PVYN increased upon inoculation of the plana wim PVYO using sttain-speetfic 
a^es. Ttodnttprovidedbynussnriy^shovvninF^Tandgdemor^ttun 
to accumulation ofNIatCP fusion proKins, but no. of CP oleaveu from to polyprorem, 
tae^foUowingTEVinfentton. This taterce was speeittc ,0 TEV infection since t 
dMno.cccurwhenplan^weren^v^PVYorTMVCdaano.shown). Sinceirwas 

20 obeecvedonlyvtitofustapro^acc^ 

were no, changed by TEV infection. This would hnply ** in to absence of van! 
tafection ttansgenic pro<etas do no, accumulate well due to protein taaabilny. 
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Although not wishing to be bound by mechanism, it is believed that the fusion proteins 
are stabilized because of their interaction with products produced during TEV infection. 
Transgenic protems containing TEV NIa may be included in the nuclear inclusions formed 
by the Nla and Nib replicase following virus infection. The accumulation of the NIa:CP 

5 fusion reported here is apparently different from the accumulation of transgenic RNA. 
Lindbo, et al., Plant Cell, J>:1749-1759, 1993 reported a marked decrease in the 
steady-state levels of transgenic mRNA as a consequence of an co-suppression mechanism 
mediated by RNA. This mechanism may operate in plants prior to viral infection and, 
Mowing challenge, be responsible for the inhibition of viral replication in some examples 

10 of pathogen derived resistance. 

EX AMPLE 12 

Inmisstudythe capacity ofwell characterized murine zora ^««c«ifl ephope(s) presented 
in the context of TMV CP to induce antibodies and to mediate antibody based 
contraception is presented. A peptide sequence from ZP3 was used to construct a 

1 5 chimeric TMV CP antigen for immunization. The ZP3 sequence included the entire B ceil 
epitope associated with contraception (Millar, et al, supra), ZP3 33M 4 2 , °* lacked the 
critical amino terminal residue of the T cell epitope linked to severe autoimmune 
oophoritis (Rhim, et al, supra; A-M. Luo, et al, supra). The immediate objectives of this 
study were to evaluate the quality of the antibody respome due to parenteral immunization 

20 with this chimeric antigen, to evaluate female mice for contraception subsequent to the 
stimulation of antibody production and to observe ovaries for pathological effects of the 
immunization. 
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Tke „ of a cDNA done of. finnan, of *e TMV genome Wading foe gene for 
te coat protein was modified b, ougodeoxyribo.ueleo.ide directed momgenesis to 

geneeontainedanaddifional »codonser«odi«gresidues331 .0 343 of munneZM (SEQ 
JDNO 16)be W eenfi«eodon S for K aidue S 154an4155offi«eoa,pro K in. Ttacoa. 
^ger.ofadonenaed^pre^nr^ouaRNA^^ofTMVwasrepUced 

w to rn^ e «n«^el««v»ge-fl»nkh*r^efio n ^r^g«ifions«« A 
C DNA clone of foe coat pmfcm coding sequence of W strain Ul (common) and 
teldng ^quences, -eofides 5459-o395 (P. Goelet, a, .1. ^ m 
«. conaructed by subdoning of .be appropriaK Ncol-Kpnl fragment from pU3/l M 
OU. and Beacby. aHpm) and used as a «empl«e for oUgonudeofide directed PCR 
OUgonudcofideaOTCrrOOTCCOTOTATTTOOAATrOOAOCTA 

CTAGAAGA OOTCCAAACCAAAC (SEQ ID NO: 26) and 
AATAACCCTCACTAAAGGGA (SEQ IDNO:27)(T3>, or 
CCAAATACACGGACCAAGACAAGGTCCTGCAACTTGAGG (SEQ ID NO: 28) and 
TAATACGACTCACTATAGGGAGA(T7) (SEQ ID NO: 29) were used wifo rempbde 
^smdwifoKpnlorNco. mspecfivdy, fo dnec. me synfi^aia of ovedapping pa»a> 

to ZFW pepfidebe^amrnoaddslMandl 55 of to TMVCP^re^ 

ta ta firs. round followed by a 72C-, oOOsec incnbafion and 95C-. 30aec;42C 
«Oaec 72C-, 60sec for 20 cycles followed by a 72C-, 600sec foeubafion in foe second 
rouD d' UUseeondromK.ofPCRyidded.modifiedNco.-Kpn.fiagment.wmcbwas 

^ in* foe bomofogous aHes of foe TMV cDNA fiagmen, in a derive o, 
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k d^bc di »HoU.»dBe K h y ,1991,^,»hichis ta co I po Btt dh= rei »by re f«e»ce 

to its enfcay. The s^c of fins —a* TMV CP gene was verified by 
^ing^n^edcoa.^seque.eevri.hoUgodecxyribonueWde.fl^ 

5 and internal to the TMV gene. 
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15 



^asdesa^CHohandBeach,,*,™). Briefly, T7BNApolyn*»e was used 
to catalyze synthesis of full length TMV genomes inolnding the tnodified coal p^ 

to 20 leaves. 

C. ]j^ms£Mi^SSL 

^ucts described above. Ttanscripdon poduc, w* dUu*d 1/10 In 20.M sodtun, 
ptaspha^pHTi^lOOnflwasappUedUtexp^^baceo leaves. Inoeu.afi.nw. 

PAJtosp^fiteinocnlun.^dabtad.fl^.etfautfeee. Un-weteri-edwithw^ 
' * ltoK move«eessearborundnm. Plants wete isolated tn a 



^us^dn^edwifltno™. warring and fertli^on M. 
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a^Utted fo, I, v,« inscription product. Symptoms typica. ofTMV infection wero 
o^onnewlyfom.dl.av.sofmeinocohtedptamsbyMdays post inoculation «,* 

the exception that necrotic lesions were not formed. 

The modified virus induced typical infection symptoms including a mosaic pattern on 

didnotinduceanecrotic response on Mco/^ <*« m cv Xanfini nn (J.R Haynes, « 
A MM* 4:637, 1986). Modified viros spread throughout infect plants 

c^prottmisstthle^forle^Ssuecessivepa^es. M plan. material rotaus 
„ infectivity and antigen,* when storod « -20C', providing a convenient method of 
storing virus as inoculum or antigen. 

One cm diamete, leaf disca taken fiom infecfed leaves wero fto*n, mawett, and 
homogenized ro 50nti sampte buffer (038M Tns pH 6.8. 2% SDS, 20% glycerol, 1% 
15 MpMIM bromoph.no. blue). Proteins remaining in the supemaan. 
^hoiBngandcenttifugtmonatn.OOO^ 

Aco^btion of vhus-encoded hybrid coatpro*in was monitored hy analysis of tissue 
sonples from tite infeaed phn. leaves. As shown in Figure 9A, an abundant proton 

taleafeKO^ar^xin^fi^ of native TWcoatpro^inin ieafexttaca of plants 
htfecfcdwtdrwudtypevttU, The u-«nsity of staining of the modified coatprotein was 
*. shnilarto that of me huge subunit of ribuUtsebisphosphttte carboxylase, indfeuung a 
25 shnilarconcenttntionmmfeaed.eav^. Sapling of upper unmocula^d. eaves revealed 
.he prosenc. of to hybrid coat protein, indicating that infection by the modified vtrus 
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spread systemically, although at a somewhat slower rate man the wild type virus. As 
shown in Figure 9B, the ZP3 epitope in the recombinant TMV CP was detected by a rat 
monoclonal antibody (IE-10) specific for ZP333M42 (I-J- East, et al, supra) on Western 
blots of proteins in crude leaf extract and in each of the partially purified virus fractions. 

For isolation of bulk antigen, leaves were harvested 14 days post inoculation and stored 
at -20C°. These leaves were thawed and extensively ground in a chilled mortar and pestle 
in lml/g of 50mM Tris pH 7.4. Homogenate was separated into a primary supernatant and 
primary pellet fraction by centrifugation at 4,400 X g for 20 minutes at 4C. The primary 
supernatant fraction was centrifuged again and its pellet discarded. One tenth volume of 
30% PEG (6,000) /10% NaCl was added to the supernatant, and the mixture was incubated 
at 4C° with stirring for 2h. The mixture was centrifuged at 14,000 X g for 20 minutes at 
4C°, and the supernatant was discarded. The pellet was disrupted with ultrasonic 
treatment in deionized-distilled water and repelleted at 153,000 X g for 90 minutes at 
20C°. For use as antigen this pellet was resuspended in PBS at lmg modified coat 
protein/ml with ultrasonic disruption. For analysis by electron microscope (EM) or 
SDS-PAGE, the pellet was resuspended in deionized-distilled water by ultrasonic 
disruption. 

The primary pellet from the initial centrifugation step was ground in a mortar and pestle, 
washed and repelleted five times in a series of buffers: 50mM Tris pH 7.4; 50mM Tris 
pH 7.4 + 5% Triton XI 00; 50mM Tris pH 7.4 + 1% Triton X100; and finally twice with 
50mM Tris pH 7.4. The supernatant from each wash was discarded and the final washed 
pellet was analyzed by SDS-PAGE and EM after resuspension in deionized-distilled water 
by ultrasonic disruption. 

The coat protein in the soluble fraction, once pelleted with PEG, could not be solubilized. 
Resuspension of this fraction could be achieved with 1 M acetic acid. While this PEG 



WO 95/21248 



PCT/US95/0I467 



-61- 



10 



precipitated fraction accounted for only 10% of the extractable antigen, it lacked the high 
concentration of cell wall debris found in the primary insoluble fraction. The yield of 
antigen from infected tobacco was typically 1 OOmg per cm 2 of leaf. This is equivalent to 
approximately 25ug of antigen from one mature greenhouse grown tobacco plant. The 
modified coat protein accumulates to concentrations as much as 2.5mg per gram of leaf 
tissue in the leaves of infected plants, and is easily purified in two fractions from the bulk 
ofplantproteiiisvvifooutc^ These fractions contain insoluble, 

particulate antigen at high concentration. The primary pellet fraction is highly enriched 
in viral protein but contains significant amounts of plant cell wall debris, while the 
primary supernatant fraction is composed largely of virus-like particles. Neither 
formulation of the viral coat protein could be solubilized in neutral pH aqueous buffers. 



This particulate character of the TMV CP antigen may have a positive impact on the 
magnitude and duration of the immune response. Whole TMV particles have been 
demonstrated to induce a more vigorous and persistent serum antibody response than 
15 either soluble TMV coat protein or reaggregated coat protein (F. Loor, et aL, Virology 
31:215, 1967). Whole TMV persists at the site of injection longer than either of these 
coat protein preparations maintaining a persistent and high local concentration of antigen. 

E. E l s&aa micro^ r ir analvsis of virus-like particles- 

The partially purified leaf extracts described above were applied to carbon-film coated 
20 copper grids. Material was negatively stained with uranylacetate and examined in a 
Hitachi 600 electron microscope at 60,000 magnification. EM observation of negatively 
stained material from the two partially purified fractions represented in Figure 9 (lanes 4 
and5)showedthatbomcontainedrod-shapedparticles(Figu^ 12). The particles in the 
primary pellet fraction were about 16nm in diameter, similar to the observed 18nm 
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diameter of wild type virus. The length of the rods was highly variable, but was much 
shorter than 300nm, the length of wild-type TMV virions. Penetration of stain into a 
central channel could be seen as is observed with the wild type virus, and striations with 
2.5nm spacing could be observed which is also similar to wild-type TMV particles 
5 (23nm). 

The transgenic coat protein carrying a 13 amino acid fragment of the murine zona 
pellucida ZP3 protein is robust, is not degraded in the leaves of plants infected with 
modified virus and assembles into rod like particles. These particles were observed to be 
smaller than full length wild type TMV particles which may be due in part to the 
1 0 ultrasonic disruption of antigen prior to evaluation by EM. Reduced stability of the rod 
may also result from the presence of the ZP3 epitope near the carboxy terminus of the coat 
protein. 

F. Immunization of Mice. 

Female C57BL/6J or BALB/cBy were acquired from the Scripps Research Institute rodent 
15 breeding colony at 4 to 5 weeks of age. Immunizations were initiated with mice of 5 to 
6 weeks of age. During experiments mice were housed in sanitized cages, four mice per 
cage except during mating, and were provided sterile food and water ad libitum. Mice 
were immunized parenterally with virus particles suspended in phosphate buffered saline 
(PBS) emulsified with MPL-TDM adjuvant (RIBI Immunochemicals Research, 
20 Hamilton, MT) according to the manufacturer's instructions. For the initial immunization, 
approximately 50 fig of hybrid TMV coat protein were injected in 100ml into the 
peritoneal cavity of mice and 50 fig of hybrid TMV coat protein were injected 
subcutaneously in 1 00ml in the neck region of C57BL/6 J or BALB/cBy mice. Subsequent 
immunizations at 32 days (Experiment 1) or 13 and 22 days (Experiment 2) or 13 and 27 
25 days (Experiment 3) contained 50jig in 200ml of PBS/MPL-TDM, and were divided 
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equally between subcutaneous and parenteral injection. Control mice received injection 
similar injections of wild type TMV coat protein. 

G. Serum collection and enz vme immunoassay of antiserum. 

Serum was collected from mice prior to immunization and at weekly intervals after the 
5 initial i mmuniza tion by withdrawing approximately 200ml of blood from an orbital sinus 
cavity. After removal of cells by centrifugation, serum samples were stored frozen until 
evaluation by ELISA or Western blotting. Serum titers of antibody recognizing either 
TMV coat protein or ZPS*, ^ were determined by limiting dilution of antisera on 
microliter plants coated with authentic TMV coat protein or with Z?3 33i .m conjugated to 
1 0 KLH with sulfoMBS, (Pierce Chemical Co., Rockford, XL) via the amino terminal cysteyl 
residue of the synthetic ZP3 peptide: CSSSSNGHPQFQR (SEQ ID NO: 30). Antibodies 
recognizing the immobilized antigens were detected by oxidation of 2,2'-azino-bis (- 
3-ethylbenz-thiazoline-6-sulfonic acid) diamonium salt, (Boehringer Mannheim, 
Indianapolis, IN), (ABTS) after decoration with a horseradish peroxidase conjugate of 
1 5 goat anti-mouse kappa chain antiserum (Southern Biotechnology Associates, Birmingham, 
AL). Microtiter plates (Maxisorp, Nunc, Naperville, IL) were coated with a 50ml 
suspension of either TMV CP or 2T3jjij43 conjugated to KLH in PBS pH 7.4 for 2 hours 
at room temperature, then washed with deionized, distilled water and blocked with 200ml 
2% BSA in PBS for 1 hour at 37C. All sera were diluted initially at least 1 :100 in 2% 
20 normal horse serum/PBS and diluted serially 1 :2 in the same buffer as the initial dilution 
and incubated 50ml/well for 2h at 37C°. After washing with deionized, distilled water a 
50ml volume of secondary antibody solution (1:2000) in TBS-tween 20 (TBST) + 2% 
horse serum was incubated in each well for 2h at 37C°. Wells were washed with 
deionized, distilled water and developed in a solution of 20mg/ml of ABTS in 0.1M citrate 
25 pH 4.0 containing 0.01% H,0 2 - 
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Serum antibody titers against ZP3 331 .343 and TMV coat protein are shown in Figure 2. 
Serum antibodies in BALB/CBy mice (experiment 2) specific for Z?3 m . w and for TMV 
coat protein were observed by 2 1 days after the initial injection. Among C57BL/6J mice 
(experiment 1), three mice demonstrated ZP3 and TMV coat protein specific responses 
5 by 14 days after initial injection. Serum antibody response was measured by ELISA on 
microtiter plates coated with TMV CP or a KLH-ZP3 331 _3 43 conjugate. Murine antibody 
was detected with a horseradish peroxidase conjugate of goat anti-mouse kappa chain 
secondary antibody. The comparison of serum titers in BALB/CBy and C57BL/6J mice 
in Figure 10 illustrates a weaker antibody response in the C57BL/6J genotype to the 
10 modified TMV coat protein antigen. This difference in antibody response was more 
pronounced for the ZP3 331 .34 3 specific antibodies than for the TMV coat protein specific 
antibodies. 

The ability of serum antibodies elicited in immunized mice to recognize the ZP3 protein 
was evaluated by decorating Western blots of authentic ZP3 separated by SDS-PAGE. 

15 Figure 1 1 shows immunoblot analysis of murine antisera with ZP3 protein. Serum 
antibodies from a BALB/CBy mouse (or a C57BL/6J mouse, data not shown) recognized 
two forms of authentic murine ZP3 glycoprotein which were also recognized by a rat 
monoclonal antibody (DE-10) specific for ZP3 3yM2 (I J. East, et al, supra). These results 
show that an antibody response to both the carrier protein and die added ZP3 epitope is 

20 elicited in the serum of mice parenterally immunized with the modified coat protein, 
although the immune response to the ZP3 antigen differs with mouse genotype. Some of 
the resulting antibody specifically recognizes the ZP3 331 _343 peptide as revealed by ELISA 
with this peptide conjugated to KLH. Some circulating antibody also recognizes the zona 
pellucida in its native context based on Western blot analysis of purified mouse zona 

25 pellucida glycoproteins and on in situ recruitment to the zona pellucida. Sera from mice 
immunized with the hybrid TMV-ZP3 coat protein decorate two ZP3 glycoprotein species 
on Western blots of mouse zona preparations separated by SDS-PAGE which are identical 
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* ^ iabeied «iti, a * 1 — * — * *» ZP '— *f " 

sh0 „ « antibodies - — « - - * " 

iimM in mice unionized -» « peptides contain* ZP3 »*° 

(Millar, « «l. sKprir. RUm, «' * ^ * A Lu0 ' " 
10 modified coat protein. 

immune response and recruitment of antibody to die zona in vivo. 

Py yliiation <rf fertility. 
nuce^removeoafteHOdaya Eighteen days after initiation of cohabitntton, fimiales 
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wereimovedandfemaleswereobserveddailyforbirthofpups. Females were sacrificed 
35 days after the removal of males. 

Ovarian pathology was associated with immunization and appeared in reduced ovary size, 
utermeswellmgandmtmutermehematon^msomemice. This latter observation may 
indicate postovulation autoimmune intervention resulting from the TMV-ZP3 
innnunization. However,the severe oophoritis observed after inununizationwi* peptides 
containing the T cell epitope ZP3 330 . 334 (Rhim, et al, supra; Luo, et al, supra) was not 
observed in this study for either C57BL/6J or BALB/cBy immunized with the 
TMV-ZP3„^ antigen. Differences in the antigen composition and in the method of 
in^unization between this study and these previous studies with ZP3 peptides may be 
responsible in part for the differences in observed responses. The epitope chosen for tins 
study overlaps significantly with ZPS^, a T cell epitope associated with autoimmune 
oophoritis (Millar, et al, supra; Rhim, et al., supra; Lou, et al, supra; Luo, et al., supra) 
^induction ofTh^^^ 

Luo, et al, supra) in {C57BL/6J X MJFl mice. Autoimmune oophoritis as observed for 
(C57BL/6J X A/J}F1 mice was not anticipated in this study since the critical amino 
terminal asparagine residue in the ZP3 33M3 « ^tope was replaced by a serine residue of 
the TMV coat protein and the IA molecule (aV) identified for presentation of the ZP3 330 . 
3, epitope (RWm, et al, supra) was absent from either of the two genotypes tested here. 

Fertility of mice was assessed after male mice were caged with individual immunized and 
control females for a nfinimum of 10 days. Following removal of male mice, females 
were observed for pregnancy and live births (Experiment 3) or fetuses were counted at 
sacrifice 8 days after removal of males (Experiment 1). As shown by the data 
sumn ^fcTab^ 

in either experiment 1 or experiment 3, although the fertility of control mice in both 
experiments was relatively low. At sacrifice in experiment 1, uterine swelling was 
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obsme d both nonpreg^n. «=«d M ~ in »m»t con-o. mice. This 
from nonpregnant control mice. 

TABLES 

5 Eulili j iit y of mi f ? f irm " 1 ™* 1 w1th ™V yp 

egjrith EgsemhiBanl ™Y a» r"ntainin&I£333i^3- 

Experiment#l C57BL/6J 

5 tmV 0 1 TMV-ZP333U43 ? 

TMV 4 2 TMV-ZPSaa,^ 0 

10 6 TMV 

7 TMV 0 3 TMV-ZPW 3 

g TMV 7 4 TMV-ZPW 0 
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mouse 


Antigen 


pups 


mouse 


1 


TMV 


9 


21 


2 


TMV 


0 


22 


3 


TMV 


0 


23 


4 


TMV 


0 


24 



Experiment #3 BALB/cBy 

antigen 

TMV-ZP333M43 7 
TMV-ZP3J3M43 0 
TMV-ZP3J3M43 0 

TMV-ZP3j3,o43 « 
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«, tanked in OCT (Miles lac, Elkhart, IN), soap ta. and stored at -70C- unU> 
^sectioning, n*^*^™*-*^"^*"*** 

(S ig^S«I^MOX(DABX^0.l%HAinPBSfbr^o™*s«»J0^ 
-^fcHMBOM— »— MM - - " Sections 

Wc^MOnnsedin^eh^esofPBS.aehyd^e.e^andn^un^. Neganve 
treated identically to other samples. 

Croons of ovaries «ero iabeied «Hh a horserodish peroxidase conjugate of a go., 
^^dfcta**- DABa^anperiroposedonzonapeUnctda 

F^^^s^P^^dc^vrithg^^^^ctan, 
^^pero^conjng^^devdoperi^DAB^id^uasnescon^ 
^^chahtinnnunoglobnlb, ThU.ocatorionisiUns.rntedintenrion^phs 
in Figure .3. Frozen ovaries were sectioned Print) and .abeled with goat anri-tnouse 
^ horseradish peroxidase conjugal then devdopeo vrith DAB to idennfv 
JL — g ntonsc fcpp. chain innnunog.ohu.taFignroa »A and !3B show 

i^unized vrith IMV-ZPn^ Isotype evainarion of the anribody locaiized «. zona 
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^orlgACd^no,^). tog en HAMg h e r te ve 1 sofb Kl c g ro m ds ta i n ing™*DAB 

I^-tai*— — — * M— — 
be smaller in treated mice than in controls. 

5 EXAMPLE 13 

cAB ^ drive the nuc.ee, ^ CchlorophvU A/B Hndin, pro*n ^ 
<Ap« end Kloppstech, «r. J. «— . W* >" 8 '- » " * 

r .343-350 1989). Tobacco (W. tabacum) leaf discs were transformed with the MP gene 
^^co^l.f^cABp^^.^"-^ 10 "^"" 8 ^ 

.oTM^werorocoverod. Also Xanuti nnwas Conned**, MP geneorthe.^ gene 

^^^^p^p^^'^^^'^^r, 

express the MP gene oc the «t(i4 gene under the control of the cAB or the ^ 
JLerweroused. Tohacooh-hrroedwnhthecABpron,^^ noMPcodrog 

sequence was used as a negative control. 
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1 Plasmids containing the cAB promoter. 
A DNA frogmen, eorrosponding to nodeoddes "903-5709 ofTMVU,was inserted into 
the Xho I and BamH I sites of pUC 18. This frogmen. ™ exeised and ligafcd Wo the 
Sal I and BamH I sites of the plasmidpGVlSll (construcdon of pOVlSll is described 
m c^hmore, Proc. M A- « KM. 81:2960-2964, 1984. »hioh is incorporated 
herein by reference in ha end^do™. of the cAB promoter AB80 from P^ 
^roforotterdaaroidpOVlsn-BOK. The reaulttog eonst^ct is refetred to heretn 
as the cAB-MP gene construct 

a^«*OI-*.-dM--*«-* i M. 1357-365, ,986) was naed to 
.Mb. pOV l5 ll-30K into the riftmpiein-resistan, C58C1 stnin of 4f*M. 

pte mid PGV3850 (ZamtoysM, a, A »*~ 24*377-379, .983). The resulting 
^c^-usodroWoros^^cv-X^NN-^-X-nh. 

15 -C**-* 222:1229-123., W< 

cv Xaodd nn was also transform* « a chimeric cons*** made from pOV.511 

(^nttto^nsforn^vrim.MTgene^^^ R,platos 

^^foranexperimenfc. 

a 14 to light/10 hr dark photoperiod. 

,„ 2 pUamdscoi<lal>ang«^P<^P rm > M '- 

Tte p aC promo,e,^denv«dn OT d K gPAL2 g eneof^eo te ^ iS (Cromer,« 

A »*J« 8^^7-383,1989). ADro.fragmcmcon^...57bp^en, 
^ 1 ^mro te Xho.ai tt (madeb 1 on.oya ffl .to re aeUon)ofpUC.8.m»toeh 

25 4855-5868; Oliver,**!., 151:277-2*8, ,986! ..gated vdm thermal. A 
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nJT^ 1***— 

(Rogers, e/ at., ^ e ' wt " ' lieatins the E coli 

5 -B #WW»^™»— '""^ 

1993). R, Plants were used for all experiments. Plants were grown 

20 seedsof UneEsc4-7,whidicontauisacAfi jrf rf** 

rwvFSTAV Irapuato, Mexico. Plants were grown w 
JuneSunpson.CINVESTAV.lrap , the M P gene were used m the virus 

Heterozygous Rl progeny plants that contamed the MP gene were 



infection studies. 
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, f TMV U and TMVAMP (Holt and Beachy, 1991, suprd) and 
Full-length clones of TMV U, and TM ^ ^ 

TMV.MP-GUS (Lapidate, * al, THe Plant J., 4=959-970, 1993, 
^ and tne transcripts were inoculated onto plants n^ - 

v Airf which contains the vird ongin of assembly aaa a* co 
5 .aainsthe last And, co ^^^MA coding 

.^I— — ^^^^.astn^o^gene 
s^inplaceof^^^"'*^^^ ^ Souten h,o, anaiysia 
^.^^^^ 

10 M ntoedhyW«^blotanalysia(notshoam). 

D . aascianicitlit^^ 

• „,^ I ha t ex 1 ^the^gen«»'ft ra »P UDt$i,,tMKdWi ' h 
«-«-•—•-' HT- OUS assay bnffer (50 rM sodinn, 

phosphate buffer, pH 7.0, 10 mM ^,^2702-2706, 

198 6) containing 0.5 mg/mi 

unffiluc^ Tissues were incubated overnight at n ^ 
cycloanunonium salt (X-Gluc). iiss« 

transferred to 70% EtOH for clearing and examination. 

... ^.v^sionmtransgemcAT.totectwplantsoccurs, 

M ^^SaC^Hsho^.earaec.onsofR.p^enyo^genK 
MaologtcalGUSaasays. rgme demon strattd 

by othess (Jeffetaon, M *• 1W" » * ^ of GUS 

. ..,h ! .t«messedthe35S-iiii'g«' econs,Iuttsh ° ^ 
tadicateplantsthatcxpiessetltn ^ 

25 acnvi^ in aD tisane, ,n connas, as *o«n n, Ftg»re 14B, P 
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cAB-^geneco shown)j ^ high activity in mesophyll cells, 

ieaf hairs), low activity in vascular cells (not shown), ^ follow 
„ . . fhair ceUs It is assumed that plants expressing the MP gene 
' Allien in accordance with previously reported resnlts 
the same pattern of gene expression. 

in Figure 14C, plants expressing the pal2-«/d4 gene 
primarily in the leaf upper epidermis. 

ol „ 1987, «4 « Pnmao- art 
EL.IS A to miorotiter plates using the 3^ «ntfbo<»i=s. 
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tissue, and stem tissue, riguic , nr edominantly in the 



leaf upper epidermis. 
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Hiaochennca, « of OUS ^ lowing — -* 

^ of GUS ^ deKcdon * = - 

ana ^35S.MPpla M too^w«•^W iMP • OUS • GUSaC, ■ V,,1 ' 
teegulaily shaped areas (not shown). 

F . Essu^assifis^^ 

p ^«,ive^aft« ^^^^^^^ 

a2 005 leaf. MP was extracted as described above no 
plants 6 weeks after planting and was quantitated by EL1S A. 

ttansganc lines showed a wide renge of Mr lew 
. abon. 60% of 4. level seen in TMV-infected plants. 
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Two 5.9 mm-diameter 
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leaf disks were ground in 100 nl of 35 mM potassium phosphate, 

*u i /tnnmMNaCl Insoluble material was removed by 
«H 7 5, 10 mM p-mercaptoethanol, 400 mM Nau. in*« 

« h a tU000 e 10agofpretem(asdeterminedbyBCAassay)was 
a 5ininutecentnfugaUonatl4,000g.iuUBoipr 

lacking the MP gene (TMVnMP; Ho- and Beach,, .99., «4 « - ~ 

,0 .993). All of the plant lines lhat express the MP gene from (be rtB - » 
«re «. - component both TMV mutants recess of ree .eve. of MP 

^^^KNA^ofTMVnMP-OUS. A ss to ™reF«ure.6C,OUS 
^^ea, S ^n^on W as«onndon^ ta isn te reae,.de nM .ee.. S . Nostgn 

of vims repUeation was found in mesophyll cells. 

Toe visual .ppeare.ee of the .oca. lesions produced by TMVnMP in pla* Unes « 

^^^^^^^^^ B 

2005- Figure >6E>. Tto lesions Ponced on 2005 p-s ere stanta re a^earenee ,o 
^ondedbyarlngofoarkpignren, Byeonn^ree.esionsp.odueeurecAB.KNF 
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plants are wnne an* NN-cAB-MP lines when infected 

below) TOsunusnaloorphologywasseenrndlfteNNeAB Mr 

Il^^pre.^no-.oca.^^e^esere.ownn,,^ 
5 16F and 16G. 

T^waek^dttansgcmcXanUnnnplan^c^tecABMPgen 

10 iowerlea^. T.a.^atenK^*^ 5 "' by 
„f ench Una, and*, level of vires aca.ulat.on re upper teavas was a 

•~* m< *"~ fadiam a(a,(046)weracoUac«e46otneachp«^are-ndu 1 
Two leaf discs 5.9 mm in diameter <u.* g; w« 6 

.aval of virus accumtuaaon and the severi* of symptoms . tare 277 (nn 358 MT) 
u the level of MP was only 60% as great as the level produced by TMV 

TMV miactront, . . c AB-nn 6, with even lower amounts 

^otanoninuppana^ ^ levds of virus 

of MP, „owe4 modern or no symptoms and ^ OT 

a • .hasenlarelinesv^cunn^wimmeareoun.ofMPmmeptams. Howeves,asmsl 
25 mmeseplantuneswa» xwvmfaaion) is sufficient to produce 

amount of MP (about 4% f * I- i— - ™» "* cb "? 

* l ^Md«*^rf*^ -,to,e "'* ,, ' ,t 
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Effect of MP level on number and size of local lesions 

.esions « P^ucrf. On hn* 20* with 20% as much MP as in syaanuc W 
1 ^-^TMV-^^---'-----" 



15 



20 



level. 
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* ^^p^^^^MP^^onUneaOO, — . 
Ls^o^^^TMV.^^-^MP^^ 

regardless of the level of MP produced by the plan, (Inch-ins -—J"^ 
elp, on una 2005. * si* o, .esions 

excepuonauy high level of MPtathis line. 

^oen^t.ith.tang.ofconcenn^onsofTMV.MPorTMV. Assho^thythe 
TTliT ten^berofWieaions^-conneriyt^nren.cu.nn, 

r for cAB NN F and 2005, which contain high levels of MP, were 
^2 of MP, showing that the Uve, of MP affects the UheHhood of a 
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all the plant lines. 

^^IMV^^.^MP^TMVAMP^TMV.MP^S.Tta 
aen.o^^W^doesno.rea^MPexp^onin^epidet^ 

1^ ^ cells » c* can b. .riM by MP 

J Z L - * *~ « — « «■ 2i:i433 - 1437 - ,W4) to ; 

sh0 ™«MPpuH fi ^^^«^^^^ 1 " f « US ( 7 m0 ^ 
^on 0,^2-MP P-s «Hh TMVAMWW8 «»* .1, - 
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produce a very high level of MP during the initial stages of infection, in which case the 
inability of nn-pal2-MP plants to complement TMVAMP may simply be due to an 
insufficient amount of MP in the epidermis. However, analysis by Western blotting 
(Figure 15) shows a substantial level of MP accumulation in the leaf upper epidermis. 
Another explanation is that virus movement from the epidermis to the mesophyll may 
have occurred too infrequently to be detected in these experiments. This raises the 
possibmtythatTNlVinfecuonofmesophyUcellsm 

depend on the presence of MP in the epidermis. Further studies are needed to determine 
how TMV infection progresses to the multicellular stage. 

The lesions formed by TMVAMP on NN-cAB-MP plants do not show the dark ring 
aroundmeperimeterthatisseeninlesionspmduccdbyT^^ 

and by TMV on nontxansgenic plants (Figure 16D-G). This difference may be due to the 
absence of MP in most epidermal cells in NN-cAB-M P plants, which could affect how 
the hypersensitive response occurs. The difference is not the result of a low level of MP, 
since line 2004 (NN-35S-MP), with a level of MP comparable to mat of cAB-NN J, shows 
small lesions with normal morphology. Other factors can also affect lesion morphology: 
some TMV mutants (in most cases known to contain mutations in the MP gene) form 
lesions without rings (Jockusch, Virology, 21:94-101, 1968; Zimmem and Hunter, EMBO 
J., 2:1893-1990, 1983; T.W. Kahn and R.N. Beachy, unpublished results). 

TheavauabUityoftransgemcplantswimvar^^ 

of MP level in the initiation, local spread, and systemic spread of virus infection. The 
effect of the amount of MP on the establishment of multiceUular infection sites was 
determined by counting the number of local lesions formed on Xanthi NN plants. The 
effect of the amount of MP on local spread was determined by measuring the diameters 
oflocal lesions atagiventime after mocmation, wMchistakentobemdicativeoftherate 
atwMchmevirusspreadslocaUy. The effect ofMP level on systemic spread of virus was 
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^ed », — « of vina «— » " **« «~ rf * ' 
^ tin* after of l—.l— ■ » - «- - * 

Lofton of *e eOciencv « is and *e * of M and 
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lasJ^^eda^W^^^ofMP^p.an.s- 
«*H.ftellH-H— ™* infeeuonof —genie Xanftn on p.ants 

„ rtFSK ». m^o. T*ese restnts sho» « a re*..., iow 

of MP scan in line cAB-HN J, an increase in the amount of MP does not en*nce *e 

Apos^^^^o^on 

CUiW J At low total levels of 

isto.televelofMPineachcenin.nansgen.e.aafmayvary. Atlo 

MP^caaUntav^iessMPn-U^^"^^^ 
^nwexaaad^^dieva -- "'T^ 

^o= K ac te da.-ch^eem^^^^^^ m,teMP,eVel 

^^^^.aasof^an.onntofMP^pUntnne.occapttn.taeaseof.n.e 
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. c \xx> in TMV infection, the lesions were 

, ^noraWp in size to lesions formed by 

larger than in TMV AMP infection, and were comparable in size xo 
largertMnin. ^„„™ s |to e 2W5,on»M*lesionswere 
TMVonr»ntiim^cpta 1 s.Agan a ,theexcep a onw^une20U 5 , ^ 

Z, The .eve, of MP in line 2005 is eppsrenti, — - * 

lto ecor^ U eti,grewfo,a 1 or^tiree«,sn.esio ffi o„oti 1 e I p 1 an,. 1 nes). AUoweHeveU 

Cl.fTMVn^^re^^pre^of^^^ofK.^- 
10 replication. 

• Y.nthi nn Plants were infected with a high concentration of TMV AMP, 
When transgenic Xanthr nn plants we accumulation in upper 

the severity of systemic disease symptoms and the level ol virus ace 
the seventy oi sy ^ Howeve r, above a rather low 

leavesdependedonthelevelofMPintheplantsCrable7).Howe 

\" tA0/ of ^ level seen in TMV infection of nontransgemc plants), an 

this may suggest that a process or function that is mvolv —.i— 
samratedbyevenalowlevelofMP. ^-^^"^''^ 

havereacneainepo , trtllpWeve Ml systemic infection of a 

produces substantially more MP than is required to achieve full syst 

20 tobacco plant 

,u tVip Wei of MP influences the rate of systemic infection can be 
The question of how the level otNU-inuu 

addressed by comparing lirw1 the efficie ncy of initiation of establishment of 

results of the experiments that measured the efficiency 01 

results oi u»«= * f , .„ o\ Maximal efficiency of 

ns^in^on^ti.rereofW^-^ 

o< establishment of multiceUular infection requires about 30 /o of Uieie 

25 ir^--.**--*--'---*— - 4 
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quires only ebon, 4% of m level thus, under the ^ — *- report 
^ fc - * sys-oic ^ ooe, no. appear ,o be toured by *. e«e,eoc, of 
of infeedon. The «= of M spread is independent of *e .eve. o MP 
Cr^S^^^^^ofsy^c^UnoU^vy^o^ 

Lluvo.ofMP^exen.^oeoceoo^-ofsy^c^on^y 
^a^^of^^^ofv^ouoogo^va^^ofaep^ 

the presence of MPto.be majority of epidemre. cons, and indeed, appears not to benefit 
l0 from its presence. Tbis «ep does ho»ever rerpure . modera* revel of MP nr ^ 
^hyUtoordertoacHeve — ««eiency. Once . oreKceUnlar 

15 influenced by the level of MP. 



W PCT/US95/01467 

WO 95/21248 



-86- 



SEQ ID NO: 1 is an amino acid sequence for TMV coat protein. 
SE QIDNO:2isanucleotide sequence encoding tobacco mosaic virus. 



sin TAD26. 

.Mp«rirli « inence for a truncaieo uvj ■ <»•• * • - — 

. cassette 



PROl. 

SEQ ID NO: 6 is the deduced amino acid sequence for TEV-NIa- 
PROl. 

10 SEQ ID NO: 7 is an oUgonucleotide primer for TMV Ul. 
SEQ ID NO: 8 is an oligonucleotide primer for TMV Ul. 
SEQ ID NO: 9 is an oUgonucleotide primer for TMV Ul . 

120. 

■ • n »r\A seauence encoding a viral antigenic epitope ofHTV gp 
15 SEQ ID NO: 1 1 is an ammo acid sequence encouws 

120. 
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SEQ ID NO: 12 is an amino acid sequence encoding a viral antigenic epitope of HIV go 



120. 

SEQ ID NO: 1 3 is an amino acid sequence encoding a viral antigenic epitope of HIV gp 
120. 

5 S EQIDNO:14isananunoaridsequ^ 
virus hamaggluttin (12CA5). 

SEQ ID NO: 15 is an amino acid sequence encoding an antigenic epitope of human c-myc 
(9E10). 

SEQroNO-.ieisanannn.acMsequenceencodmg 
10 pellucida(ZP3). 

SEQIDNO:17, S anucl=o«dc Seq ^foraPC Rl *«forto™VcDNA ta f« ti o« S 
clone. 

SE QIDNO: 18 Ua n «d^*qu m cefor.PCR pta «fo I teTMVcDNA ia f«Uo«s 
clone. 

clone. 

S E Q ro NO : 20 iS a n ^*qu»c«f«aPCRprta CTto ^TMV0DNAW««io» S 
clone. 
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SEQ ID NO: 21 is the amino acid sequence of a modified TMV CP containing a 1 5 amino 
acid epitope of HIV gp 120 V3 loop inserted between amino acids 154 and 155 of the wild 
type TMV CP. 

SEQ ID NO: 22 is the amino acid sequence of a modified TMV CP containing a 1 0 amino 
5 acid epitope of HIV gp 120 V3 loop inserted between amino acids 154 and 155 of the wild 
type TMV CP. 

SEQ ID NO: 23 is the amino acid sequence of a modified TMV CP containing a 1 5 amino 
acid epitope of HTV gp 120 V3 loop inserted between amino acids 154 and 155 of the wild 
type TMV CP. 

10 SEQ ID NO: 24 is the amino acid sequence of amodified TMV CP containing a 20 amino 
acid epitope of HIV gp 120 V3 loop inserted between amino acids 154 and 155 of the wild 
type TMV CP. 

SEQ ID NO: 25 is the amino acid sequence for the wild type TMV movement protein. 

SEQ ID NO: 26 is a nucleotide sequence for a PCR primer (T3) for the coat protein coding 
15 sequence of TMV strain Ul . 

SEQ ID NO: 27 is a nucleotide sequence for a PCR primer (T3) for the coat protein coding 
sequence of TMV strain Ul. 



SEQ ID NO : 28 is a nucleotide sequence for a PCR primer (T7) for the coat protein coding 
sequence of TMV strain Ul. 
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f«r a PCR nrimer (T7) for the coat protein coding 
SEQIDNO : 29isanucleotidesequenc e foraPCRpnmert 

sequence of TMV strain Ul. 



SEQ ID NO: 30 is the amino acid sequence 
synthetic ZP peptide. 



of the amino terminal cysteyl residue of the 
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(1) GENERAL INFORMATION: 

_ ecprpps RESEARCH INSTITUTE 

(i) APPLICANT 1 THE SCRIPS *** 

TITLE OF INVENTION: METHOD FOR USING TOBACCO MOSAIC VIRUS TO 
( OVERPRODUCE PEPTIDES AND PROTEINS 

(iii) NUMBER OF SEQUENCES: 30 

(iv) CORRESPONDENCE ADDRESS: 

(A, ADDRESSEE: Spensley Horn Juba- * * 

(B) STREET: 1880 Century Park East, Suite 

(C) CITY: Los Angeles 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 90067 



15 <v) 



COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B ) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: ^-DOS/MS-DOS 

( D) SOFTWARE: Patentln Release #1.0, Vers«> 

20 (vi) CURRENT APPLICATION DATA: 

20 w APPLICATION NUMBER: PCT/US95/ 

(B) FILING DATE: 03-FEB-1995 

(C) -CLASSIFICATION : 

(viii) ATTORNEY/AGENT INFORMATION: 
« (A) NAME: Bostich, June M. 

Z {B) REGISTRATION NUMBER: 31,238 

(C) REFERENCE /DOCKET NUMBER: FD-4074 



30 



(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (619) 455-5100 

(B) TELEFAX: (619) 455-5110 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 159 amino acids 

(B) TYPE: amino acid 

5 (C) STRANDEDNESS : single 

( D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: TMV CP 

10 (ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1. .159 



25 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NOsl: 

^ lie Thr Thr Pro ser Gin Phe Val Phe Leu Ser Ser 
Met Ser Tyr Ser He Tnr inr r ^ 

5 

l. W ~P - XX. - - » "* - 

_„ 25 
20 

, »i» i™ Thr Val Val Gin Arg Gin 

Gly Asn Gin Phe Gin Thr Gin Gin Ala Arg Thr 

,he Ser Glu Val Trp Lys Pro Ser Pro Gin Val Thr Val Arg Phe Pro 

_„ 55 
50 

, ». »«, Tvr Asn Jla Val Leu Asp Pro Leu 
Asp ser Asp Phe Lys Val Tyr Arg Tyr Asn ai eQ 

70 

L * « 01y ». - - oiu 

85 9U 



^ mv,. Ala Glu Thr Leu Asp Ala Thr 
val Glu Asn Gin Ala Asn Pro Thr Thr Ala Glu ^ 

100 105 
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„ Arg Val Asp Ma Thr Val Ala lie Arg Ser Ala lie Asn - 

115 »° 

Tl a™ Glv Thr Gly Ser Tyr Asn Arg Ser Ser 
Leu He Val Glu Leu He Arg Gly Tnr wy J 

130 135 
Phe Glu Ser Ser Ser Gly Leu Val Trp Thr Ser Gly Pro Ala Thr 
145 

INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6395 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA (genomic) 



(vii) IMMEDIATE SOURCE: 
15 (B) CLONE: TMV 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..6395 



(2) 



Ui) SEQUENCE DESCRIPTION : SEQ ID NO: 2: 
20 GTATTTTTAC AACAATTACC AACAACAACA AACAACAAAC AACATTACAA TTACTATTTA 

CAATTACAAT GGCA^CACA CAGACAGCTA CCACATCAOC TTTQCTGQAC ACTGTCCGAG 
^CTC CTTGGTCAAT GATCTAGCAA AGCGTCGTCI TTACGACACA GCGGTTGAAG 
AGTTTAACGC TCGTGACCGC AGGCCCAAGG TGAACTTTTC AAAAGTAATA AGCGAGGAGC 
AQAOGCTTAT TGCTACCCGG GCGTATCCAG AATTCCAAAT TACATTTTAT AACAC3CAAA 
25 „CA XICGCTXGCA GGTGGATTGC GATCTTTAGA ACTGGAATAT CTGATGATGC 



60 
120 
180 
240 
300 
360 
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AAATTCCCTA CGGATO.TTG ACTTATGACA TAGGCGGGAA TTTTGCATCG CATCTGTTCA 
AGGGACGAGC ATATGTACAC TGCTGCATGC CCAACCTGGA CGTTCGAGAC ATCATGCGGC 
ACGAAGGCCA GAAAGACAGT ATTGAACTAT ACCTTTCTAG GCTAGAGAGA GGGGGGAAAA 
CAGTCCCCAA CTTCCAAAAG GAAGCATTTG ACAGATAOGC AGAAATTCCT GAAGACGCTG 
5 TCTGTCACAA TACTTTCCAG ACAATGOGAC ATCAGCCGAT GCAGCAATCA GGCAGAQTGT 

ATGCCATTGC GCTACACAGC ATATATGACA TACCAGCCGA TGAGTTCGGG GCGGCACTCT 
TGAGGAAAAA TGTCCATACG TGCTATGCCG CTTTCCACTT CTCTGAGAAC CTGCTTCTTG 
AAGATTCATA CGTCAATTTG GACGAAATCA ACGCGTGTTT TTOGCGCGAT GGAGACAAGT 
TGACCTTTTC TTTTGCATCA GAGAGTACTC TTAATTATTG TCATAGTTAT TCTAATATTC 
10 TTAAGTATGT GTGCAAAACT TACTTCCCGG CCTCTAATAG AGAGGTTTAC ATGAAGGAGT 
TTTTAGTCAC CAGAGTTAAT ACCTGGTTTT GTAAGTTTTC TAGAATAGAT ACTTTTCTTT 
TGTACAAAGG TGTGGCCCAT AAAAGTGTAG ATAGTGAGCA GTTTTATACT GCAATGGAAG 
ACGCATGGCA TTACAAAAAG ACTCTTGCAA TGTGCAACAG CGAGAGAATC CTCCTTGAGG 
ATTCATCATC AGTCAATTAC TGGTTTCCCA AAATGAGGGA TATGGTCATC GTACCATTAT 
15 TCGACATTTC TTTGGAGACT AGTAAGAGGA OGCGCAAGGA AGTCTTAGTG TCCAAGGATT 

TCGTGTTTAC AGTGCTTAAC CACATTCGAA CATACCAGGC GAAAGCTCTT ACATACGCAA 
ATGTTTTGTC CTTTGTCGAA TCGATTCGAT CGAGGGTAAT CATTAACGGT GTGACAGCGA 
GGTCCGAATG GGATGTGGAC AAATCTTTGT TACAATCCTT GTCCATGACG TTTTACCTGC 
ATACTAAGCT TGCCGTTCTA AAGGATGACT TACTGATTAG CAAGTTTAGT CTCGGTTOGA 
20 AAACGGTGTG CCAGCATGTG TGGGATGAGA TTTCGCTGGC GTTTGGGAAC GCATTTCCCT 

CCGTGAAAGA GAGGCTCTTG AACAGGAAAC TTATCAGAGT GGCAGGCGAC GCATTAGAGA 



420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
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TCAGGGTGCC TGATCTATAT GTGACCTTCC ACGACAGATT AGTGACTGAG TACAAGGCCT 1600 
CTGTGGACAT GCCTGCGCTT GACATTAGGA AGAAGATGGA AGAAACGGAA GTGATGTACA 1740 
ATGCACTTTC AGAGTTATCG GTGTTAAGGG AGTCTGACAA ATTCGATGTT GATGTTTTTT .800 
CCCAGATGTG CCAATC™ GAAGTTGACC CAATGACGGC AGCGAAGGTT ATAGTCGCGG XSSO 
5 TCATGAGCAA TGAGAGOGGT CTGACTCTCA CATTTGAACG ACCTACTGAG GCGAATGTTG 1920 

CGCTAGCTTT ACAGGATCAA GAGAAGGCTT CAGAAGGTGC TTTGGTAGTT ACCTCAAGAG 1930 
ACCGXCCATG AAGGGTTCGA TGGCCAGAGG AGAGTTACAA TTAGCTGGTC 2040 
TTGCTGGAGA TCATCCGGAG TOGTCCTATT CTAAGAACGA GGBGATAGAG TCTTTAGAGC 2100 
AGTTTCATAT GGCAACGGCA GATTCGTTAA TTCGTAAGCA GATGAGCTCG ATTGTGTACA 2X60 
10 CGGGTCGGAT TAAAGTTCAG CAAATGAAAA ACTTTATCGA TAGCCTGGTA GCATCACTAT 2 22 0 

CTGCTGCGGT GTOGAATCTC GTCAAOATCC TCAAAGATAC AGCTGCTATT GACCTTGAAA 2 280 
CCCGTCAAAA GTTTGGAGTC TTGGATGTTG CATCTAGGAA GTGGTTAATC AAACCAACGG 3340 
CCAAGAGTCA TGCATGGGGT GTTGTTGAAA CCCACGCGAG GAAGTATCAT GTGGCGCTTT 3400 
TGGAATATGA TGAGCAGGGT GTGGTGACAT GCGATGATTG GAGAAGAGTA GCTGTCAGCT 2 4S0 
15 CTGAGTCTGT TGTTTATTCC GACATGGGGA AACTCAGAAC TCTGCGCAGA CTGCTTOGAA 25.0 

ACGGAGAACC GCATGTCAGT AGCGCAAAGG TTGTTCTTGT GGACGGAGTT CCGGGCTGTG 25 80 
GGAAAACCAA AGAAATTCTT TCCAGGGTTA ATTTTGATGA AGATCTAATT TTAGTACCTG 2 640 
GGAAGCAAGC CGCGGAAATG ATCAGAAGAC GTGCGAATTC CTCAGGGATT ATTGTGGCCA 2 700 
CGAAGGACAA CGTTAAAACC GTTGATTCTT TCATGATGAA TTTTGGGAAA AGCACACGCT 2 760 
20 GTCAGTTCAA GAGGTrATTC ATTGATGAAG GGTTGATGTT GCATACTGGT TGTGTTAATT 282 0 

TTCTTGTGGC GATGTCATTG TGOGAAATTG CATATGTTTA CGGAGACACA CAGCAGATTC a... 
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10 



15 



20 



ftCAGGAGATA TGAGGGCTTT GTCAOTAGCA CTTCTTCGGT TAAAAAGTCT GTTTCGCW3G 30*0 

CGGAGG03CG GTGATGAATG CGATCTCAAA AC*™** — — 

7GACTTTTAC CCAATCGGAT AAMSAAGCTC TGCITTCAAG AGGGTATTCA GATGTTCACA » 

^^^^COACAa^^TTTCACTA^TXAAC^ »«. 

CACCW3TCTC CAICATTGCA GGAGACAGCC CA^TOTTTT GGTCGCATTG TCAAGGCACA W 

CCJGTTCGCT CAW3TACTAC ACTOTTGTTA TGGATCCTTT AGTTAGTATC ATWGAGATC 33G0 

TAGAGAAACT TAGCTCGTAC TTGTTAOATA TG1ATAAGCT CGATGCAGGA ACACAATAGC 3«0 

AATTACAGAT TGACTCGGTG TTCAAAGGTT CCAATCTTTT TCTTGCAGCG CCAAAGACTO 3«0 

TGATATQCAG TTTTACTATG GGCAGGGAAG AGCACCATGA 3*0 

TCAATAATTT TGATGCTGTT ACCATGAGQT TGACTGACAT TTCATTGAAT GTCAAAGATT » 

GCATATTOGA TATOTCTAAG TCXGTTGCTG CGCCTAAGGA TCAAAICAAA CCACTAATAC 3«0 

CTA^AA^CGGCAaAAA^CGCCAGAC^ACTA^AA™^ 37=0 

CGATGATTAA AAGGAACTTT AACGCTCCOG AGCTGTCTGG CATCATTGAT ATTGAAAATA „« 

CTGCATCTTT AGTTGTAGAT AAQTTTTCTG ATAGTTATTT GCTTAAAGAA AAAAGAAAAC 3.« 

CAAATAAAAA TGTTTCTTTG TTCAGTAGAG AGTCTCTCAA TAGATGGTTA GAAAAGCAGG 33.0 

jyiCBGGTAAC AATAOGCCAG CTCOCAGATT TTGATTTIGT AGATTTOCCA GCAGTMATC 3«0 
AGTACAGACA CA1GATTAAA GCACAACCCA AGCAAAAATT GGACACTTCA AICCAAAGGG 

AGTACCCGOC TTTOCAGACG ATTCTCTACC ATTCAAAAAA GATCAATGCA AXATTTGGCC .H. 

QyTTCTTTAG TGAGCTTACT AGGCAATTAC TGGACAGTGFT TOATTCGAGC AGATTTTTGT «. 
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10 



-96- 



15 



20 



TGTCTTGGAQ — ~— — 

.c^w^.^^"^™^™^ 1320 

GCATCTCGTA TCAAAGAAAG AGCGGGGACQ TCACGACGTT CATTGGAAAC AETGTGATCA M 
TCIGCTOTRC TTTCCAAAGG CX^TT «™ «" 

GAWJ&WTOT AATACATCAC GACAGAGGAT GCATTGTCTA TTACGATCCC CTAAMTTGA « 
I ^ CTTO ^CACATC^AT»^ «»• 
^^^^T^^AT^^^^ — 

CI0I ^,^TA M »CC«^ "* 

^^ATATCAATOAOT^TO^CTS^ — 
ATGTTTACCC CICTAAAGAG TCTTKKTST TCCAAMJTTG ATAAAATAAT GGTTCATOAG « 
AATGAGTCAT TCTCAOAGOT GAACCHWT AAAQGAOTIA AGCTTATTOA TAOTOQATAC «. 

.^C^^C^T^CAA^AT^ ™ 

^cxaca^cac^caa^t^ttcaa^ccttccoaa™^ « 

ATAAOCACCO A3GACGOGAT .WMffC T^TT TAGTTAATAT TAQAAATOTG *« 
jyjQjIGTCAG CGGGTPTCTG TCOOCTTTCT CTOGAGTnG TOTOSGTffTC 1KITGTTTAT S..0 
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AGAAATAATA TAAAATTAGO TTTGAGAGAG AAOATIACAA ACGTGAQAGA CGGAGGGCCC «. 

.^ac*^"™™^*™^''^ 55i ° 

„^ M " 
j^CTTTTAAAA RGMTfcWTT AATCGATGAT GATTCGGAGG CTACTOTCGC OQAATCGGAT 
TOCTTTTOAA TATGTCTTAC AGTATCACTA CTCCATCTCA GTTCOTOTTC TTOTCATCAG ™ 

^ M C^™™T*ACT^-™™A* — 
TAQACCCGCT AffTCACAGCA CTGTIAGOTO CATTCGACAC TAGAAATAGA ATAATAGAAG <0.0 

CCQQATCTTA TAATCGGAGC TCTTTCOAGA GCTCTTCTGG TTTQGTTTGG ACCTCTOGTC «. 
a ^ J «_OA™^^™^»™ ^ 
qqTGCGTACG ATAACGCATA GTGTOTTTCC CTCCACWAA ATCGAAGGGT TGTGTCTTQG «. 

jVTCGCGCQGQ TCAAAIOTiT AWOTTCAIA ttCATOCGCA G0OTG8IAAT AAACWGAGGG 

6395 

GTTCGAATCC CCCCGTTACC CCCGGTAGGG GCCCA 
(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
2Q (A) LENGTH: 64 amino acids 

(3) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



15 
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i) MOLECULE TYPE: protein 



(ii) 



(Vii) IMMEDIATE SOURCE: 
(B) CLONE: TMV MP 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1..64 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Ala Leu Val Val Lys Gly Lys Val Asn He Asn Glu Phe lie Asp 



10 15 



10 Leu THr Lys Met G!u Lys He Leu Pro Ser Met Phe Tnr Pro Val Lys 

20 25 

Ser Val Met Cys Ser Lys Val Asp Lys He Met Val His Glu Asn Olu 

35 *° 
Ser Leu Ser Glu Val Asn Leu Leu Lys Gly Val Lys Leu Ala Tyr Trp 
15 so 55 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) 



MOLECULE TYPE: DNA (genomic) 



25 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1--36 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
TTAATCGATG ATCATTCGGT CGCCGAATCG GATTCG 
(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1488 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



10 (vii) IMMEDIATE SOURCE: 

(B) CLONE: PROl 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 156.. 1481 



15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

GAGCTCAGAT CTAAATAACA AATCTCAACA CAACATATAC AAAACAAAOG AATCTCAAGC 
^CAAGCAT TCTACTTCTA TTGCAGCAAT TTAAATCATT TCTTTTAAAG CAAAAGCAAT 

TTTCTGAAAA TTTTCACCAT TTACGAACGA TAGCC ATG CCC GGG GAA CCA GTC 
1 ^^ ^.±^»»u~ Met pro a iy Glu Pro Val 



20 



25 



TAT TTC CAA GGG AAG AAG AAT CAG AAG CAC AAG CTT AAG ATG AGA GAG 
Z 1 Gin Gly Ly. Lys Asn Gin Lys His Lys Leu Ly. Met Arg Glu 

10 lb 

GCG CGT GGG GCT AGA GGG CAA TAT GAG GTT GCA GCG GAC GCA GGG GOG 
Ala Arg Gly Ala Arg Gly Gin Tyr Glu Val Ala Ala Asp Ala Gly Ala 



36 



60 



120 



173 



221 



269 



25 



30 
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CTA GAA CAT TAC TTT GGA AGC GCA TAT AAT AAC AAA GGA AAG CGC AAG 
2 2 His Ty, Phe GXy Ser AXa Tyr Asn Asn Lys GXy Lys M. Lys 
40 

GGC ACC AC6 AGA GGA ATG GOT GCA AAG TCT CGG AAA TTC ATA AAC ATG 
5 Gly Thr Thr Arg GXy Met GXy Ala Lys Ser Arg Lys Phe lie Asn Met 
55 60 " 

TAT GGG TTT GAT CCA ACT GAT TTT TCA TAC ATT AGG TTT GTG GAT CCA 
Z GXy Phe Asp Pro Thr Asp Phe Ser Tyr XXe Arg Phe VaX Asp Pro 
75 80 

,0 TTC ACA GOT CTiC ACT ATT GAT OW TCC ACA AAC OCX CCT ATT OAT TTA 

QC 100 

GTG CAG CAT GAG TTT GGA AAG GTT AGA ACA CGC ATG TTA ATT GAC GAT 
VaX Gin His Glu Phe GXy Lys Val Arg T h r Arg Met Leu He Asp Asp 
105 110 U5 

GAG ATA GAG CCT CAA AGT CTT AGC ACC CAC ACC ACA ATC CAT GCT TAT 
GXu lie Glu Pro GXn Ser Leu Ser Thr His Thr Thr lie His Ala Tyr 
120 

TTG GTG AAT AGT GGC ACG AAG AAA GTT CTT AAG GTT GAT TTA ACA CCA 
20 Leu val Asn Ser Gly Thr Lya Lys Val Leu Lya Val Asp Leu Thr Pro 
135 " 5 

CAC TCG TOG CTA CGT GCG AGT GAG AAA TCA ACA GCA ATA ATG GGA TTT 
Z Ser Ser Leu Arg Ala Ser Glu Lys Ser Thr Ala XXe Met GXy Phe 
155 160 " 5 

25 CCT GAA AGG GAG AAT GAA TTG CGT CAA ACC GGC ATG GCA GTG CCA GTG 

Z GXU Arg GXu Asn GXu Leu Arg GXn Thr GXy Met AXa Va Pro VaX 
170 175 

GCT TAT GAT CAA TTG CCA OCA AAG AGT GAG GAC TTG ACG TTT GAA GGA 
Z Z -P GXn Leu Pro Pro Lys Ser GXu Asp Leu Thr Phe GXu GXy 

30 



317 



365 



413 



461 



509 



557 



605 



653 



701 



749 
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GftA AGC TTQ TTT AAG GGA CCA CGT GAT TAC AAC CCG ATA TCG AGC ACC 
Glu ser Leu Phe Lys Gly Pro Arg Asp Tyr Asn Pro lie Ser Ser Thr 

ATT TGT CAC TTG ACG AAT GAA TCT GAT GGG CAC ACA ACA TCG TTG TAT 
Ile Cys His Leu Thr Asn Glu Ser Asp Gly Hie Thr Thr Ser Leu Tyr 
215 220 225 

CGT ATT GGA TTT GGT CCC TTC ATC ATT ACA AAC AAG CAC TTG TTT AG* 
Gly lie Gly Phe Gly Pro Phe Ile lie Thr Asn Ly* His Leu Phe Arg 
235 240 2 " 

AGA AAT AAT GGA ACA CTG TTG GTC CAA TCA CTA CAT GGT GTA TTC AAG 
Z 1 Asn Gly Thr Leu Leu Val Gin Ser Leu His Gly Val Phe Lys 
250 " 5 260 



GTC AAG AAC ACC ACG ACT TTG CAA CAA CAC CTC ATT GAT GGG AGG GAC 
val Lys Asn Thr Thr Thr Leu Gin Gin His Leu lie Asp Gly Arg Asp 
15 2« ™ 2 " 

ATG ATA ATT ATT CGC ATG CCT AAG GAT TTC CCA CCA TTT CCT CAA AAG 
Z Tie lie lie Arg Met Pro Lys Asp Phe Pro Pro Phe Pro Gin Lys 



280 



285 



290 



•»» «• ^ « 01 ° « **! - w - val * 



295 



300 



305 



ACC AAC TTC CAA ACT AAG AGC ATG TCT AGC ATG GTG TCA GAC ACT AGT 
L Asn Phe Gin Thr Lys Ser Met Ser Ser Met Val Ser Asp Thr Ser 



315 



320 



TGC ACA TTC CCT TCA TCT GAT GGC ATA TTC TOG AAG CAT TGG ATT CAA 
Z Tr Phe Pro Ser Ser Asp Gly lie Phe Trp Lys His Trp lie Gin 



330 



335 



ACC AAG GAT GGG CAG TGT GGC AGT CCA TTA GTA TCA ACT AGA GAT GGG 
Z Lye asp Gly Gin Cys Gly Ser Pro Leu Val Ser Thr Arg Asp Gly 

30 



797 



845 



893 



941 



989 



1037 



1085 



1133 



1181 



1229 



* 
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================ 

160 355 

5 Tyr Phe Thr Ser Val Pro Lys Asn Phe Met Glu ^ 

375 

^oco coco too — — -ZZZZZZ 

Glu Ala Gin Gin Trp Val Ser Oly Trp Arg Leu Asn Ala 
395 400 

-«v, »rn AAA CCT GAA GAG CCT TTT 

rw His Lvs Val Phe Met i>et 
Leu Trp Gly Gly His uy* 42Q 

410 415 

^ ATG AGT GAA TTG GTG TAC TCG 

CAG CCA GTT AAG GAA GCG ACT CAA CTC ATG A Ser 
Gln Pro val Lys Glu Ala Gin Leu Met Ser 



15 



20 



25 



435 

425 430 



CAA GGG AGG CCT TGAATTC 
Gin Gly Arg Pro 
440 



< 2 ) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IjENGTH: 442 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 



1277 



1325 



1373 



1421 



1469 



1488 



(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

, m Pro Val Tyr Phe Gin Gly Lys Lys Asn Gin Lys His 
Met Pro Gly Glu Pro Val 15 



- - na Qiv Gin Tyr Glu Val 
Lys feu Lys Met Arg Glu Ala Arg Gly Ma Arg Gly Tyr 



20 
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Ua Ala Asp Ala Oly Ala Leu Glu His Tyr Phe Gly Ser Ala Tyr Asn 

40 4 

Asn Lys Oly Lys Arg Lys Gly Thr Thr Arg Gly Met Gly Ala Lys Ser 

55 60 
50 55 

5 Ar 9 Lys Phe lie Asn Met Tyr Gly Phe Asp Pro Thr Asp Phe Ser Tyr 
65 70 

Ile Arg Phe Val Asp Pro Leu Thr Gly His Thr lie Asp Glu Ser Thr 
85 90 9 

Asn Ala Pro lie Asp Leu Val Gin His Glu Phe Gly Lys val Arg Thr 
10 ioo 105 1 

Arg „et Leu lie Asp Asp Glu He Glu Pro Gin Ser Leu Ser Thr His 

U5 120 " 

Thr Thr lie His Ala Tyr Leu Val Asn Ser Gly Thr Lys Lys val Leu 
130 135 
IS Lys Val Asp Leu Thr Pro His Ser Ser Leu Arg Ala Ser Glu Lys Ser 
145 "0 "5 

Thr Ala lie Met Gly Phe Pro Glu Arg Glu Asn Glu Leu Arg Gin Thr 
165 170 

, ~ ,t-t Ma tvt Asd Gin Leu Pro Pro Lys Ser Glu 
Gly Met Ala Val Pro Val Ala Tyr Asp em u ^ 

20 180 185 

Asp Leu Thr Phe Glu Gly Glu Ser Leu Phe Lys Gly Pro Arg Asp Tyr 



200 



195 

Thr He Cys His Leu Thr Asn Glu Ser Asp Gly 



Asn Pro He Ser Ser 
210 



215 220 



25 His Thr Thr Ser Leu Tyr Gly He Gly Phe Gly Pro Phe He He Thr 

110 23i> 
225 23U 

Asn Lys His Leu Phe Arg Arg Asn Asn Gly Thr Leu Leu Val Gin Ser 



250 255 
245 250 
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« His CIV Val Phe ,ys Val L ys Asn Thr T hr Thr ,eu Oln Gin His 

260 265 

. Tie lie He Arg Met Pro Lys Asp Phe. 

Leu He Asp Gly Arg Asp Met He He ne g 
275 280 

5 Pro Pro Phe Pro Oin L ys ,eu >ys Phe Arg OX. Pro Oln Arg Olu Olu 
290 295 



„ He Cys ,eu Val * - - Phe Oln £ X,ye Ser Met Ser Ser 
„et val Ser Asp Thr Ser Cys T hr Phe Pro Ser Ser Asp Oi y He Phe 

10 

Trp x,ys His Trp He Oln Thr Asp Oly Oln Cys Oly Ser Pro Leu 

340 345 

val «» - ~ ~ ■* ne bis :r 5 "* set "° 

15 p h e — * - ~ ~ Li " 

370 375 

«u « «. - - « « m * gi ° Gin s M °" 01y w 3 

555 

MU „„ W 5« V, « «P «, 05V Eia W ~ * - ~ 
20 405 

LyB „ « «. « - - «» « ^ ~ - ^ S 
420 425 

ser Olu I^eu val Tyr Ser Gin Oly Arg Pro 
435 440 
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(2 ) INFORMATION FOR SBQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 



(ix) FEATURE: 

( A ) NAME/KEY: CDS 
<B) LOCATION: 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:7: 
GGTACCTGGG CCCCTACCGG GGTAACGGG 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
15 ( A ) LENGTH: 26 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..26 



SEQUENCE DESCRIPTION: SEQ ID NO:8: 
GCTGCAGTAT TTTTACAACA ATTACC 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: CDS 
1Q (B) LOCATION: 1. .36 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GTAATACGAC TCACTATAGT ATTTTTACAA CAATTA 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
15 (a) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



20 (ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Arg lie His He Oly Pro Gly Arg Ala Phe 
25 i 5 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOIjOGY: linear 

(ii) MOLECULE TYPE: peptide 



10 



20 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..15 



(xi) SEQUENCE DESCRIPTION; SEQ ID N0:11: 

* tt wis He Gly Pro Gly Arg Ala Phe 
Tyr Asn Lys Arg Lys Arg He His He Giy ^ 

l 5 
(2) INFORMATION FOR SEQ ID NO:12: 

15 (i) SEQUENCE CHARACTERISTICS: 

( A ) XiENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..15 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 



*, a P He xyr Thr Thr Lys Asn 
25 Arg He His He Gly Pro Gly Arg Ala Phe Tyr ^ 

l 5 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 
jq (B) LOCATION: 1..20 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

T . u . a Tle Glv pro Gly Arg Ala Phe Tyr 
Tyr Asn Lys Arg Lys Arg He His He Gly pro y 

c 10 " 



15 



20 



Thr Thr Lys Asn 
20 



(2) 



INFORMATION FOR SEQ ID NO: 14: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: 12CA5 

25 (ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..9 
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10 



15 



SEQUENCE DESCRIPTION: SEQ ID NO:14: 
Tyr Pro Tyr Asp val Pro Asp Tyr Ala 



l 5 



(2) INFORMATION FOR SEQ ID N0:1S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



20 



IMMEDIATE SOURCE: 
(B) CLONE: 9B10 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1. .10 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:15: 
G1 » Gin Lys Leu He Ser Glu Glu Asp Leu 



5 



(2) INFORMATION FOR SEQ ID NO:16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: peptide 



10 
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(vii) IMMEDIATE SOURCE: 
(B) CLONE: ZP3 

(ix) FEATURE: 

(A) NAME/KB*: Peptide 

(B) LOCATION: 1.-13 



(xi) SEQUENCE DESCRIPTION: SEQ ID HO, 16: 

1 . 5 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA .(genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1. .41 

(xi ) SEQUENCE DESCRIPTION : SEQ ID NO:17: 
CATATAGGAC CAGGAAGAGC CTTCGGTCCT GCAACTTGAG G 
(2 ) INFORMATION FOR SEQ ID NO-.1B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



15 



20 



25 
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10 



(ii) 



i) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1.-17 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
ATTAACCCTC ACTAAAG 
(2) INFORMATION FOR SEQ ID NO:19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 
j 5 (A) NAME/KEY: CDS 

(B) LOCATION: 1..44 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 
GGCTCTTCCT GGTCCTATAT GTATTCTAGA GGTCCAAACC AAAC 
(2) INFORMATION FOR SEQ ID NO:20: 

20 (i) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



25 



ii) MOLECULE TYPE: DNA (genomic) 



# 
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(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION : 1. .17 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
5 ATTAACCCTC ACTAAAG 17 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 174 amino acids 

(B) TYPE: amino acid 

10 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: TMV CP 

15 (ix) FEATURE: 

(A) NAME/KEY: Protein 
<B) LOCATION: 1. .174 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Met Ser Tyr Ser lie Thr Thr Pro Ser Gin Phe Val Phe Leu Ser Ser 
20 1 5 10 15 

Ala Trp Ala Asp Pro lie Glu Leu lie Asn Leu Cys Thr Asn Ala Leu 
20 25 30 

Gly Asn Gin Phe Gin Thr Gin Gin Ala Arg Thr Val Val Gin Arg Gin 
35 40 45 
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Phe Ser Glu Val Trp Lys Pro Ser Pro Gin Val Thr Val Arg Phe Pro 
50 55 60 

Asp Ser Asp Phe Lys Val Tyr Arg Tyr Asn Ala Val Leu Asp Pro Leu 
65 70 75 80 

5 Val Thr Ala Leu Leu Gly Ala Phe Asp Thr Arg Asn Arg lie lie Glu 

85 90 95 

Val Glu Asn Gin Ala Asn Pro Thr Thr Ala Glu Thr Leu Asp Ala Thr 
100 105 110 

Arg Arg Val Asp Asp Ala Thr Val Ala He Arg Ser Ala He Asn Asn 
10 115 120 125 

Leu He Val Glu Leu He Arg Gly Thr Gly Ser Tyr Asn Arg Ser Ser 
130 135 140 

Phe Glu Ser Ser Ser Gly Leu Val Trp Thr Ser Tyr Asn Lys Arg Lys 
145 150 155 160 

15 Arg He His He Gly Pro Gly Arg Ala Phe Gly Pro Ala Thr 

165 170 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 169 amino acids 
20 (B) TYPE: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(vii) IMMEDIATE SOURCE: 
25 (B) CLONE: TMV CP 

( ix) FEATURE : 

(A) NAME/KEY: Protein 

(B) LOCATION: 1..169 
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(xi) SEQXJENCE DESCRIPTION: SEQ ID NO: 22: 

Met Ser Tyr Ser He Thr Thr Pro Ser Gin Phe Val Phe Leu Ser Ser 
! 5 10 15 

Ala Trp Ala Asp Pro He Glu Leu He Asn Leu Cys Thr Asn Ala Leu 
5 20 25 30 

Gly Asn Gin Phe Gin Thr Gin Gin Ala Arg Thr Val Val Gin Arg Gin 
35 40 45 

Phe Ser Glu Val Trp Lys Pro Ser Pro Gin Val Thr Val Arg Phe Pro 
50 55 60 

10 Asp Ser Asp Phe Lys Val Tyr Arg Tyr Asn Ala Val Leu Asp Pro Leu 

65 70 75 80 

Val Thr Ala Leu Leu Gly Ala Phe Asp Thr Arg Asn Arg He He Glu 
85 90 95 

Val Glu Asn Gin Ala Asn Pro Thr Thr Ala Glu Thr Leu Asp Ala Thr 
15 100 105 no 

Arg Arg Val Asp Asp Ala Thr Val Ala He Arg Ser Ala He Asn Asn 
1X5 120 125 

Leu He Val Glu Leu He Arg Gly Thr Gly Ser Tyr Asn Arg Ser Ser 
130 135 140 

20 Phe Glu Ser Ser Ser Gly Leu Val Trp Thr Ser Arg He His He Gly 

145 150 155 160 

Pro Gly Arg Ala Phe Gly Pro Ala Thr 
165 
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(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 174 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: TMV CP 

10 (ix) FEATURE: 

(A) NAME/KEY: Protein 
<B) LOCATION: 1. .174 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Met Ser Tyr Ser lie Thr Thr Pro Ser Gin Phe Val Phe Leu Ser Ser 
15 1 5 10 15 

Ala Trp Ala Asp Pro lie Glu Leu lie Asn Leu Cys Thr Asn Ala Leu 
20 25 30 

Gly Asn Gin Phe Gin Thr Gin Gin Ala Arg Thr Val Val Gin Arg Gin 
35 40 45 

20 Phe Ser Glu Val Trp Lys Pro Ser Pro Gin Val Thr Val Arg Phe Pro 

50 55 60 

Asp Ser Asp Phe Lys Val Tyr Arg Tyr Asn Ala Val Leu Asp Pro Leu 
65 70 75 80 

Val Thr Ala Leu Leu Gly Ala Phe Asp Thr Arg Asn Arg He He Glu 
25 85 90 95 

Val Glu Asn Gin Ala Asn Pro Thr Thr Ala Glu Thr Leu Asp Ala Thr 
100 105 110 
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Arg Arg Val Asp Asp Ala Thr Val Ala lie Arg Ser Ala lie Asn Asn 
115 



120 125 



lieu 

130 



He Val Glu Leu He Arg Gly Thr Gly Ser Tyr Asn Arg Ser Ser 



135 "0 



Phe Glu Ser Ser Ser Gly Leu Val Trp Thr Ser Arg He His He Gly 
145 "0 155 .1" 

Pro Gly Arg Ala Phe Tyr Thr Thr Lys Asn Gly Pro Ala Thr 
165 170 



(2) INFORMATION FOR SEQ ID NO: 24: 

JO (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 179 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: protein 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: TMV CP 

(ix) FEATURE: 

(A) NAME/KEY: Protein 
20 (B) LOCATION: 1..179 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 24: 



Met 
1 



Ser Tyr Ser He Thr Thr Pro Ser Gin Phe Val Phe Leu Ser Ser 
5 10 15 



Ala Trp Ala Asp Pro lie Glu Leu He Asn Leu Cys Thr Asn Ala Leu 
25 ' 20 25 30 

Gly Asn Gin Phe Gin Thr Gin Gin Ala Arg Thr Val Val Gin Arg Gin 
35 40 45 
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10 



15 



Phe Ser Glu val Trp Lys Pro 6er Pro Gin Val Thr Val Arg Phe Pro 
50 bS 

* ^ t vr val Tvr Arg Tyr Asn Ala Val Leu Asp Pro Leu 
Asp Ser Asp Phe Lys vai lyr /u.y 



65 



70 



Val Thr Ala Leu Leu 
85 



Gly Ala Phe Asp Thr Arg Asn Arg He He Glu 



90 



95 



val Glu Asn Gin Ala Asn Pro Thr Thr Ala Glu Thr Leu Asp Ala Thr 
ioo i° 5 110 

*g Arg Val Asp Asp Ala Thr Val Ala He Arg Ser Ala He Asn Asn 

X15 "0 125 

uu xle val Glu Leu He Arg Gly Thr Gly Ser Tyr Asn Arg Ser Ser 

130 135 
Pne Glu ser ser ser Gly Leu Val Trp Thr Ser Tyr Asn Lys Arg Lys 
X45 "0 " 5 

„ lie His lie Gly Pro Gly Arg Ala Phe Tyr Thr Thr Lys Asn Gly 



165 



170 



Pro Ala Thr 



(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 268 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: TMV MPwt 
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(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) liOCATION: 1..268 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Met Ala I-eu Val Val Lys Gly Lys Val Asn lie Asn Glu Phe lie Asp 

10 15 



10 



Leu Thr Lys Met Glu Lys He Leu Pro Ser Met Phe Thr Pro Val Lys 
20 25 3° 

ser val Met Cys Ser Lys Val Asp Lys He Met Val His Glu Asn Glu 

35 4° 45 

Ser Leu Ser Glu Val Asn Leu Leu Lys Gly Val Lys Leu He Asp' Ser 

Gly Tyr Val Cys Leu Ala Gly Leu Val Val Thr Gly Glu Trp Asn Leu 
65 70 75 

15 Pro Asp Asn cys Arg Gly Gly Val Ser Val cys Leu Val Asp Lys Arg 

85 90 

Met Glu Arg Ala Asp Glu Ala Thr Leu Gly Ser Tyr Tyr Thr Ala Ala 

100 1° 5 110 

Ala Lys Lys Arg Phe Gin Phe Lys Val Val Pro Asn Tyr Ala He Thr 
20 1" 

Thr Gin Asp Ala Met Lys Asn Val Trp Gin Val Leu Val Asn He Arg 

asn val Lys Met Ser Ala Gly Phe Cys Pro Leu Ser Leu Glu Phe Val 

155 lbU 



150 



145 

25 ser Val Cys He Val Tyr Arg Asn Asn He Lys Leu Gly Leu Arg Glu 

25 165 "0 175 
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10 



15 



Ly8 lie T*r Asn Val Arg Asp Gly Gly Pro Met Glu Leu Thr Glu Glu 



180 185 



Val Val Asp Glu Phe Met Glu Asp Val Pro Met Ser Xle Arg Leu Ala 
195 200 2 

Lys Phe Arg Ser Arg Thr Gly Lys Lys Ser Asp Val Arg Lys Gly Lys 

215 

210 215 

. ar« ser Val Pro Asn Lys Asn Tyr Arg Asn Val 

Asn Ser Ser Asn Asp Arg Ser yai *r jr ^ 

225 230 235 

Ly8 Asp P*e Gly Gly Met Ser Phe Lys Lys Asn Asn Leu Xle Asp Asp 
245 250 

Asp Ser Glu Ala Thr Val Ala Glu Ser Asp Ser Phe 



260 265 



(2) 



INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 53 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
(P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..53 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
GTCTTGGTCC GTGTATTTGG AATTGGAGCT ACTAGAAGAG GTCCAAACCA AAC 



53 
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(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNES S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: CDS 
jq (B) LOCATION: 1..20 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
AATAACCCTC ACTAAAGGGA 
(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 
15 ( A ) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..39 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2 
CCAAATACAC GGACCAAGAC AAGGTCCTGC AACTTGAGG 
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INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



<ti) 



MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: CDS 
lQ (B) LOCATION: 1..23 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
TAATACGACT CACTATAGGG AGA 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

j 5 (A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 



20 (ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..13 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

. flW r1v ti4 S p r o Gin Phe Gin Arg 
Cys Ser Ser Ser Ser Asn Gly hxs fro ^ 



5 10 
25 i 5 
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Tfceforegomgdescription of the invention is exemplary for purposes of iUustration 
and explanation. It should be understood that various modifieations can be made 
without departing from the spirit and scope of the invention. Accordingly, the 
following claims are intended to be interpreted to embrace all such modificahons. 
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CLAIMS 

1. A method for producing a heterologous peptide in a plant comprising: 

a) infecting a suitable plant with a CP modified infectious clone of 
TMV having a wild type MP gene and a modified CP gene 
comprising a nucleotide sequence encoding a heterogeneous peptide; 

b) culturing the plant under conditions to foster plant growth; 

c) recovering the heterologous peptide from the leaves of the plant 

2. The method of claim 1 wherein the plant is a transgenic plant expressing a 
wild type TMV movement protein. 

3. The method of claim 1 wherein the plant is further infected with a MP 
modified infectious clone of TMV having a wild type CP gene and a 
modified MP gene. 

4. The method of claim 3 wherein the modified MP gene is inactivated. 

5. The method of claim 4 wherein the modified MP gene is SEQ. ID NO. 3. 

6. The method of claim 3 wherein the infecting is in a ratio of CP modified 
clone to MP-modified clone of 1:1 to 10:1. 



7. 



The method of claim 1 wherein the infecting is by viral transcripts produced 
in vitro. 
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8. The method of claim 1 wherein the suitable plant is selected from the group 
consisting of lettuce, spinach, tomato, potato, Nicotiana tabacum. N. 
glutinosa, N. Sylvester, Phaseolus vulgaris and Chenopodium 
amaranticolor. 

9. The method of claim 1 wherein the heterologous peptide is an antigenic 
epitope comprising from 10 to 20 amino acids inserted immediately after 
CP amino acid 154. 

10. The method of claim 6 wherein the antigenic epitope is SEQ ID NO: 14. 

11. The method of claim 6 wherein the antigenic epitope is selected from the 
group consisting of SEQ ID NOS: 10, 1 1, 12 and 13. 

12. The method of claim 6 wherein the antigenic epitope is SEQ ID NO: 16. 

13. A method for producing an immune response stimulating peptide in a plant 
comprising: 

a) infecting a suitable plant with a CP modified infectious clone of 
TMV having a wild type MP gene and a modified CP gene 
comprising a nucleotide sequence encoding an immune response 
stimulating peptide; 

b) culturing the plant under conditions to foster plant growth; 

c) recovering the heterologous peptide from the leaves of the plant. 



14. The method of claim 12 wherein the plant is a transgenic plant expressing 
a wild type MP gene. 
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15. The method of claim 13 or 14 wherein the nucleotide sequence encodes 
SEQ ID NO: 16. 

16. The method of claim 13 wherein the plant is further infected with a MP 
modified infectious clone of TMV having a wild type CP gene and a 
modified MP gene. 

17. The method of claim 16 wherein the infecting is in a ratio of CP modified 
clone to MP-modified clone of 1:1 to 10:1. 

18. The method of claim 17 wherein the MP gene is inactivated in the MP- 
modified clone. 

19. The method of claim 17 wherein the MP gene is SEQ ID NO: 3. 

20. The method of claim 14 wherein the infecting is by viral transcripts 
produced in vitro . 

21. The method of claim 14 wherein the suitable plant is selected from the 
group consisting of lettuce, spinach, tomato, pomo, Nicotiana tabacum. N. 
glutinosa, N. Sylvester, Phaseolus vulgaris and Chenopodium 
amaranticolor. 

22 Tbe method of claim 14 wherein the immune stimulating peptide is a viral 
antigenic epitope comprising from 10 to 20 amino acids inserted 
immediately after CP amino acid 154. 
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24. 



25. 



# 
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23. The 

NO: 16 



method of claim 22 wherein the immune stimulating peptide is SEQ ID 



A method for producing a heterologous peptide in a plant comprising: 

a) infecting a suitable plant with a CP modified infectious clone of 
TMV comprising a NIa based cassette vector comprising: 

(1) a nucleotide sequence encoding a nuclear inclusion protein 
from tobacco etch virus and flanking self-cleavage sequences 
therefor, and 

(2) nucleoudesequencesencodmgheterologouspeptidesflankm^ 

the self-cleavage sites; 

b) culturing the plant under conditions to foster plant growth; and 

c) recovering the heterologous peptide from the leaves of the plant. 

The method of claim 24 wherein the plant is a transgenic plant expressing 
a wild type TMV movement protein. 



26 The method of claim 24 wherein the plant is further infected with a MP 
modified infectious clone of TMV having a wild type CP gene and a 
modified MP gene. 

27. The method of claim 25 wherein NIa based cassette vector replaces the MP 
gene in the infectious clone. 



28. 



The method of claim 24 wherein the infecting is by viral transcripts 
produced in vitro . 
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29 The method of claim 24 wherein the suitable plant is selected from the 
group consisting of lettuce, spinach, potato, tomato, Nicotiana tabacum. N. 
glutinosa, N. Sylvester, Phaseolus vulgaris and Chenopodium 
amaranticolor. 

30. The method of claim 24 wherein the heterologous peptide is a viral 
antigenic epitope comprising from 5 to 20 amino acids. 

31. A method for creating an immune response in a mammal comprising 
administering to the mammal an immune response stimulating amount of 
a compound of claim 13, 

32. The method of claim 31 wherein the administering is intraparenterally. 

33. The method of claim 31 wherein the administering is intravenously. 

34. The method of claim 31 wherein the administering is intragastricly. 



The method of claim 32, 33 or 34 wherein the immune response comprises 
generation of IgG antibodies to the antigenic epitope. 



36 A nucleotide sequence encoding a modified infectious clone of TMV 
comprising a heterologous DNA sequence encoding a peptide of from about 
5 to 20 amino acids wherein the heterologous DNA is inserted immediately 
after the codon encoding amino acid 154 of the wild type coat protein of 
TMV. 
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37 The nuclei sequence of date. 36 wherein the modified infectious elone 
further comprises a nucleotide sequence encoding a wild type movement 
protein. 

38. The nucleotide sequence of claim 37 wherein the- heterologous DNA 
sequence encodes a viral antigenic epitope. 

39. The nucleotide sequence of claim 38 wherein the heterologous DNA 
sequence encodes a viral antigenic epitope of HTV gp 120. 

40 The nucleotide sequence of claim 39 wherein the heterologous DNA 
sequence encodes a viral antigenic epitope of influenza hemagglutinin 
12CA5. 

41. The nucleotide sequence of claim 39 wherein the heterologous DNA 
sequence encodes an antigenic epitope of murine zona pellucida. 

42 A nucleotide sequence encoding a modified infectious clone of TMV 
comprising a nucleotide sequence encoding a wild type coat protein and a 
dysfunctional movement protein. 



43. 



The nucleotide sequence of claim 42 wherein the dysfunctional movement 
protein is SEQ ID NO: 3. 



44 A modified TMV virion comprising a heterologous peptide sequence of 
from about 5 to 20 amino acids inserted hnmediately followmg amino aud 
154 of the wild type TMV coat protein. 
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45. The virion of claim 44 wherein the heterologous peptide sequence is an 
antigenic epitope of zona pellucida 3. 

46. Thevirionofclaim 44 wherein the antigenic epitope is SEQ ID NO: 16. 

47. The virion of claim 44 wherein the antigenic epitope is SEQ ID NO: 14. 

48. Atransgenicplant^^ 
or 47. 

49 A nucleotide sequence encoding a modified infectious clone of TMV 
comprising aheterologous DNA sequence encoding a wild type CP and a 
NIa based cassette further comprising DNA encoding: 

a) the nuclear inclusion (NIa) protease, 

b) multiple restriction endonuclease sites; and 

c) self-cleavage sites for the protease, wherein the self-cleavage sites 
flank the protease and each restriction site, except at the termini of 
the nucleotide sequence; 

wh «eta the cassette is inserted In the pi** of the nucleotide sequence 
encoding the wild type movement protein thereof. 

50. Atransgemeplantcomprismgmemfeotioosel M eofel a im48. 

51. The method of elaim 24, 25, wherein the plant is infected with TEV prior 
to step b). 



i 
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52. A method of contraception in a mammal comprising feeding the mammal 
sufficient virions according to claim 45 or 46 to induce a contraceptive 
immune response in the mammal to the heterologous peptide. 
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AMENDED SHEET (ARTICLE 19) 



WO 95/21248 



PCTVUS95/01467 



1/23 




FIG.1A 



DAYS AFTER INITIAL INJECTION 




FIG.1B 



40 



DAYS AFTER INITIAL INJECTION 
SI IRSTITI ITP QI4CCT /Dl II C OC\ 



80 



WO 95/21248 



6400 r- 

3200 - 
1600 





800 




400 


tvl 


1 






200 




100 




50 



FIG.1C 



PCT/US95/01467 



2/23 



40 

DAYS AFTER INITIAL INJECTION 



80 




FIG. ID 



40 80 
DAYS AFTER INITIAL INJECTION 

ci locTiTi rrc oucct /qi if c Ofi\ 



PCTAJS95/01467 
WO 95/21248 

3/23 




SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 



f I 



4/23 



MPGEPVYFQG 




< 



PR01 



Bglll 



FIG.3A 



PCTAJS95/01467 



E L V Y S Q G R P J 



EcoRI 



r 



PLANT LINE 



PR01 

PROI.NT 

PROI.TN 

PR04.NT 
PR04.TN 



v. 



PREDICTED MOLECULAR 
MASS (kDa) 



OS 


06 


1 


1 


06 


06 


1 


Y////A 


06 


06 


W/4 


| 


HG 


HG 


1 _ 


W//A 


HS 


HG 


W//A 


• 1 



FIG.3B 

CI IDCTITI 1TC CUCCT /Dl !! C OCX 



49 

49 + 18 

18.7 + 49 

68 
68 



WO 95/21248 



PCT/OS9S/01467 



5/23 



Nrt>oad 

!NfO«d[o 




NllOUd 



CD 




I t 
1^- CD 



NlfOdd 



lN>Obd[o 



NT tOdd 



lN'tOdd 



CM 



toad [ 



WZOOtU 
NN 




CD 



SUBSTITUTE SHEET (RULE 25) 



WO 95/21248 



PCT/US9S/01467 



6/23 



6 b 

Z CC CC 
Z Q. D- 



I — II — 
4 1 



o 

CC 
CL 



h- z 
z h 

s s 

cc g: 

CL CL 

mr 



5 1 2 7 C 1 A 





FIG. 5 



SUBSTITUTE SHEET (RULE 26) 




PCTAJS95/01467 



WO 95/21248 

7/23 




SUBSTITUTE SHEET fRIH F 9R\ 



PCTAJS9S/01467 
WO 95/21248 

8/23 



Days Post Inoculation 
5 7 10 14 



NN 

PROI.TN-1,4 
PR04.NT-C.2 
PRO4.TN-1.10 



F 1 6. 6B 



SUBSTITUTE SHEET (RULE 26) 



# 



PCT/US95/01467 
W09SmW8 

9/23 



dpi dpi dpi 



1 r 



I 1 I 

0 5 10 0 5 10 0 5 10 



1 



- TEVNIa:TMVCP 



TMVCP 



NN PHOI.TN-1,4 PR04.NT-C.2 



FIG. 7 



SUBSTITUTE SHEET (RULE 26) 



# 



WO 95/21248 



FIG. 8A 



10/23 



- 9 T 

p. s I 

T- S S 

o o o 

2 cE cc 

2 o. ft. 

ii ii "if 



_ .j- — -f- ~- + 




PCT/US9S/01467 



TEVCP 



- TEV N!a:TMV CP 



- TMV CP 



FIG. 8B 




SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 



# 



PCMJS95/01467 



11/23 



ro 

CM 



a 

a- -2 




CD 

o 



- - 




4 



SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 



PCT/US9S/01467 



18 ""I TMV 



12/23 




FIG. 1 0A 



7 14 21 28 35 42 
DAYS POST FIRST INJECTION 




1 

42 



DAYS POST FIRST INJECTION 



C1IDOTITIITC OUCCT /Dill C no\ 



WO 95/21248 



PCT/US95/01467 



13/23 




FIG. IOC 



DAYS POST FIRST INJECTION 



18 -i ZP3 




FIG.10D 



DAYS POST FIRST INJECTION 

SUBSTITUTE SHFPT m* n c oe\ 



WO 95/21248 



PCTAJS9S/01467 



18 -| TMV 



14/23 




FIG.10E 



21 28 35 
DAYS POST FIRST INJECTION 



42 




FIG. 1 0F 



r 

7 14 21 28 

DAYS POST FIRST INJECTION 

SHRSTITIITF SHPPT 0)1 H P *>A\ 



1 

42 



WO 95/21248 



15/23 



PCT/US93/01467 



A B 



200 -f 

97.4- : 
69-; 

46- 



30- 
21.5- 



FI6. 11 



SUBSTITUTE SHEET (RULE 261 



WO 95/21248 



PCTAJS95/01467 



16/23 



i 




F I 6. 12B 



SUBSTITUTE SHEET (RULE 26) 



# 

WO 95/21248 

17/23 



PCT/US95/01467 




SUBSTITUTE SHEET (RULE 26) 



4 




SUBSTITUTE SHFFTfBlll E 



WO 95/21248 



PCTAJS95/014G7 



19/23 



i 
> 



Control pa! 2 

i » « 1 



FIG. 15 



• 

3 



SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 



20/23 



PCT/US9S/01467 




SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 



PCT/US95/01467 



21/23 




1 6 mm t 




FIG. 160 



FIG. 16E 





10 mm 



FIG. 16F 



FIG.16G 



SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 



22/23 



PCTAJS95/01467 



<3 




SN0ISJ1 "W301 JO U38WnN 



SUBSTITUTE SHEET (RULE 26) 



WO 95/21248 PCTAJS95/01467 

23/23 



T 




SNOisn iwcn jo ioannN 



SUBSTITUTE SHEET (RULE 26) 



< 

I 



INTERNATIONAL SEARCH REPORT 



lntci«tational application No. 
PCT/US95/01467 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C12N 15/00, 5/14; C07K 1/00; A01H 1/04; A61K 38/00 

US CL :435/69.1, 172.3, 240.4; 800/205; 424/199.1 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/69.1, 172.3, 240.4; 800/205; 424/199.1 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of date base and. where practicable, search terms used) 
APS, DIALOG 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



BIO/TECHNOLOGY, Vol. 11, No. 8, issued August 1993, 
Hamamoto et al, "A New Tobacco Mosaic Virus Vector and 
its Use for the Systemic Production of Angiotensin-I- 
COnverting Enzyme Inhibitor in Transgenic Tobacco and 
Tomato" pages 930-932, see entire document. 

FEBS LETTERS, Vol. 269, No. 1, issued August 1990, 
Takamatsu et al, "Production of Enkephalin in Tobacco 
Protoplasts using Tobacco Mosaic Virus RNA Vector", pages 
73-76, see entire document. 

VIROLOGY, Vol. 181, issued 1991, Holt et al, "In Vivo 
Complementation of Infectious Transcripts from Mutant 
Tobacco Mosaic Virus cDNAs in Transgenic Plants", pages 
109-117, see pages 115-116. 



Relevant to claim No. 



1,2,7,8,13- 



1-52 



1-52 



[~x| Further document! arc listed in the continuation of Box C. Q See patent family i 



• 


Specad istttories of died documents: 


T 


•A" 


QVxun*ntckftisnsthes*neral*a^ 
to be of particular relevance 




•E- 


earlier document pob&hed on or after ton taentonooalfifeg data 


•tr 


dooaneut which may throw doubts on priori* ckM«) or wtich « 
cited to establish toe pub&catioa date of another cttebon or other 
special nana (ee spnfied) 


rr 


•o- 


document tefcrrmg to M oral disclosure, use. exhibition or other 




■r 


dooneatptMUwdpriorto the fateroaticoalfflia«cUto but 1^ than 


•A* 



- le or priority 

date art not m iiS^iA^ ^U:^ but otel to understand the 
principle or theory tsnderh/sni the invention 

document of particubr rekvaooe; toe claimed bvcuuon c*ooot be 
considered novel or cannot be considered to involve an inventive step 



t of particular r efcv enc e; the 

jd to involve an inventive step when 

njc nb incd with ooc or more other Mica documents* 
I obvious to a penon skflled m the art 



r of toes 



Date of the actual completion of the international search 
04 MAY 1995 



Authorized officer (^J/^l/h ^fMyh^ 

ELIZABETH P. MCELWAIN 
Telephone No. (703) 30SMH96 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box per 

Washington, D.C. 20231 
Facsimile No. (703) 305*3230 



(A 



Form PCT/1S A/210 (second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



In Mional application No. 
PCT/US95/01467 



C (Continuatian). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



BIO/TECHNOLOGY, Vol. 4, issued July 1986, Haynes et al, 
"Development of a Genetically-Engineered, Candidate Polio 
Vaccine Employing the Self- Assembling Properties of the Tobacco 
Mosaic Virus Coat Protein", pages 637-641, see pages 637 and 
639. 

SCIENCE, Vol. 246, issued 17 November 1989, Millar et al, 
•Vaccination with a Synthetic Zona Pellucida Peptide Produces 
Long-Term Contraception in Female Mice", pages 935-938, see 
entire document. 



1-52 



31-35, 52 



Form PCT/ISA/210 (continuation of second shect)(July 1992)* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




URRED OR ILLEGIBLE TEXT OR DRAWING 



